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abstrT^ct 



An attempt to quantify perceptions of global climate change to the year 
2000 has bten thi initial focus of an interdepartmintil study at The 
National Defense University. Subjective probabilities for the occuFrenoe of 
sptciftid elimatie events wire elicittd by a survty of 24 climatologists from 
sevencountriesJndividual quantitative responses to ten major questions were 
wilghttd according to expertise and then averaged, a method of aggrtgation 
which preserved the climatologists' collective uncertainty about future 
cliflTiati trends. The aggregated subjective probabilities were^u^d to 
construct five possible climate scenarios for the year- 2000, each having a 
^'probability" of occurrence. The agg?egated probabilities of contingent 
events are compared from scenario to scenario, across zones of latitude, a^ 
by time periods. 

The derived climate scenarios manifest a broad range of perceptions about 
po^ible temperature trends to the end of this century, but suggest as most 
likely a climate resambling the average for the past 30 years. Collectively, the 
respondents tended to anticipate a slight global warming rather than a 
cooling. More specifically, their assessments pofnted toward only one chance 
in five that changes in average global temperatures will fall outside the range 
of -0.3^C to +0,6^ C, although any temperature change was generally 
perceived as being amplified in the higher latitudes of both hemispheres. The 
respondents also gave fairly strong credence to a 20= to 22-year cycle of 
drought in the High Plains of the United States but did not agree on its 
causes. 

Consequences of the possible climatic changes delineated in the scenarios are 
being considered in subsequent phases of this research, A generalized climate 
response methodology will be demonstrated by its application to crop yield 
data gathered from a survey of agricultural scientists. The policy implications 
of the resultant climate/crop scenarios wjll bf examined using a world food 
economic model. % 
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FOREWORD 

Within the last few years there has btirf an increisin^ublic iwartnesi of the i 
impacts of weather and climate on jflfanRlnd. This concern was highlighted 
by the severe 1976^77 winter In the eaitern half of the United States and 
iubsequent drought condltioni in portion! of tHe country*. Controveriy hai 
arisen about whether the climate Is merely fluctuating or is in i^^ng-term 
trend of change. Any significant change \n climate would" have profound 
Impacts upon U.S,. policies and programs with regard tp world food 
production and reserves as will as a wide range ^ energy-related and othet 
p'olicy matters. * ^ 

In view *of the potentially serious implications of climatic change. The 
National ^fense University in the fall of 1976 initiated an interdepart- 
mental rts^ch*project to quantify the likelihood of significant changes in 
climate and their practi^l consequences. The major objectivts of the study 
Ve embodied in therfour tasks described In the*. Summary. This report 
presents the results of] the first task only-tha definition and estimation of 
the likelihood of climatic changes during the next 25 years, and the 
construction of climate scenarios for the year 2000. Findings of the 
remaining research ta^ks will be reported later. 

The causes of global cMmat^change remain in'^ispute. Existing theories of 
climate, atmospheric models, and actuarial experience are Inadtf^uate to 
meet the needs of policymakers for informati^^bout future climate. In the 
Jong run, research may lead to reliable forecasts of di mate. For the present, 
rpQwever, policymakers have no recourse but to heed sxpert judgments— ^ 
subjective and contradictory though they may be— about future world 
climate anpijts effects on agriculture and other sectors of the economy. 
Informed, expert judgments on the likelihood of change, or the odds for .a 
repetition of some event, are useful ta4he decisionmaker weighing the costs, 
benefits, and risks of alternative poCicies, To marshal the full spectrum of 
expert perceptions, we submitted a structured climate question|iaire to a 
carefully selected panel of clmriatologists, .We hope the analyses of the 
probabilistic responses to the questionnaire will lead to a better quantitative 
understandinf" of thbsd weather-climate issues that are most relevant to 
important public concerns about the future of agriculture and the world 
food situation, / ^ /* 



The modus operandi for this project was thi establishment of a smalL 
interdisciblinary staff at The National Defense University to act*as a focal 
point for several major sources of substantiye research contributiohs. The 
first and seminal source is a standing Advisory Group of eminent scientists ^ 
and^administrators who provide guidbnce and represent many potential users 
of the research results/ Another ^invaluable sogrce is the Institute for the 
Future, Menio Park, California, which furnishes ongqing advife on futuristics 
methodoJogies and technical assistance through the-auspl^er of the .Defense^ 
Advanced. Research Projects Agency. A third source is the aftf hoc Climate 
Pan^el of prominent individuals whose subjective assessmerits jbf future 
climate formed t+le basis of this report. In addition, therf ^re two other ad 
hdc groijps of experts concerned#with subsequent phases of thi^ research 
effort^ One group is furnrshing data on the response of crops to ^imate 
.changes; the other is preparing to analyze, the poMcy implications of 
clftnate/crop scenarios for the year 2000. 

Chapter I of this report describes the methodology used in analyzing the 
information contributed by the panel of climate experts from the United 
States and abroad. Chapter II contains narrative and statittical descriptions 
qf five climate scenarios, ranging from large global cooling to large global 
warming. Chapter ill summarizes the aggregated probabilistic data of the 
^imat^^ne lists and compares these data-from scenario;to scenario, across 
latTfudinal zones, and across three ti^e periods betweeninow and the year 
2000. Appendix A is the climate questionnai>e sent to the Climate PaneL 
Because of a limited response, only part of Question Vll/^'Outlook for 1977 
Crop Year," was analyzed This information Is contained in Appendix B, 
along with an analysis of subjective probabilities concermng the persistence 
of droughts in the United States. Appendix C provides information on the 
number of respondents and the avdr'age level of expertise for each of the 
questions in the cjwstionnaire. Appendi^x D contains references cited by the 
panelists in their answers to the queitionnai/e, ' 
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At the outset of its entry into Jthe alien field of climate, it was evident that 
The National Defense University would require expert guidance and 
direction. To meet this need, we formed a standing Advisory Group of 
scientists and potihtJal users of the; resiarct. The Advisory Group met at^ 
Fort McNair in December 1976 ane^ June and DecemBer^^ 1377, At the 
first meeting we made it clea^that we wanted the advisors/collectively and 
individually, to be activisjs^and to insure that our efforts were leading to 
valid and useful results. At each phase we presented our results and future 
plans to the advisors. Their lively and constructive criticism^ were painful at 
times, as when we had ,to rework portions of the research. But we are 
grateful that this group saved us from comrfiitting some major blunders and 
from straying down some dead ends. Any remaining blunders are our 
responsibility. Many advisors gave liberally of their time and knowledge for 
at most token compensation. 

■ \ , ■ - 

Last, but far from least, there is the ad hoc Climate Panel which provided the 
grist for this report. This panel was carefully selected with the assistance of 
the Advisory Group, Pains were taken to include authorities in global, 
regional and topical climatology, and paleocllmatology, as well as spokesmen 
for differing viewpoints about future climate trends. The climate panelists' 
response to ^r questionnaire provided the judgments, knowledge, and above 
all, the quantitative perceptions on which this report is based. The panelists 
labored with much admitted soul-searching for only a nominal honorarium. 
We are truly in their debt. . ' 

The caliber and representativeness of the ^Climate Panel— the "balance" 
among specialties and divergent points of view—were obviousjy crucial to the 
validity of this study. In November 1977, drafts of Chapters I and II and 
Appendix B were circulated to the Climate Panel and the Advisory Group 
for comment. The same drafts were discussed the following month at a 
meeting of the Advisory' Group. Jhe written and oral comments on the 
drafts, as well as the findings taken in toto, lead us to believe we achieved 
our goajs of high caliper and adequate balance in the panel of cllmatologists, 
(I note in passing that Chapiter III, which contains con:\parison%of the data in 
the individual climate scenarios of Chapter II and a selection of the panelists' 
comments, is the responsibility solely of the resident research staff.) 

To those mentioned above, and to all Hsted below, mymost sincere thanks. 




ANDREW J. DOUGHERTY 
Colonel, USAF 

Director, Research Directorate 
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SUMMARY 



Will world climate at the end .of thjs century be substantially different ^rom 
that of the past two or thr^^-^cgdes? Some climatologists postulate a 
continuation of the cooling trend that began in the 1940's, others contend 
that the world is entering a period of rapid warming, and many foresee a 
pefiiod of greater climatic variability, ^ f 

C 

Such conflicting opinions and thfeir implications inspired a study now under 

way in the Research Directorate of The National Defense University,- Fort 

. . 1^ _ _ _ . . _ . , , ■ 

McNair, Washington^. D,C. This project, the first comprehensive attempt to 

quantify perceptions of climatic changes, is a joint effort of the Department 

f of Agriculture, Department ^f Defense, and the. Natiofial Oceanic and 

Atmospheric Administration. Technical assistance is being provided by the 

Institute for the Future, Menio Park, California, throug^ihe Defense 

Advanced Research Projects Agency, , ^ 



The major objectives of the study are embodied in four tasks: 

• Task I: To define afid estimate the likelihood of changes in climate 
during the next 25 years, and to construe! climate scdnarios for the 
year 2000, 

• Task II: To estimate the likely effects of possible climatic changes on 
selected c^opfe in specific countries, and to develop a methodology for 
combining crop responses and climate probabilities into climate/crop 
scenarios for the year 2000. ^ \ . 

• Task III: To evaluate the domest^ and intecnatiol^Sr policy. implications 
of the climate/crop scenarios/and to ideritiry the climatic variables that 
are of key importance in the choice of policy options. 

\ • Task IV: To transfer the climate/crop research results and a generarized 
climate response methodology to individuals and organizations con- 
cerned with the consequences of climatic changes in fields other than 
agriculture, and to identify areas of research which might refine or 

extend the findings of the first three tasks, / 

. 1 

This report is a summary of Task I, which was carried out by surveying a 
panql of climatologists.^ The salient finding is that the likelihood of 
catastrophic climatic change by the year 2000 is assessed as being smalL- 
More specifically, the respon&s to the survey suggest only 1 chance in 10 
that average global temperature in the next 25 years will increase by more 
than 0,6° C relative to the e^4y-1970's. Likewise, there is only 1 chance in 
10 that it will decrease by more than 0.3" C. The most likely event will be a 
climate which resembles the average of the past 30 years, arising primarily 
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from a balancing of the warming effect of carbon dioxide with the cooling 
effect of a natural climate cycle. However, the respondents tended to 
anticipate g slight global warming rather than a cooling. 

1 

Most of the climifte panelists perceived that any global temperature changes 
wilUbe amplified at higher latitudes, particularly In the Northern Hemi^ 
sphere. This magnification will be less prdnounced** in the Southern 
Hemisphere because the larger surface area of southern oceans provides more 
thermal inertia against change. 



^ Wte^panelists' responses reflect fairly strong support for the continuation of 
a 20- to 22-year drought cycle in the High Plains of the United States. This 
perception was ^tempered by the absence of an ^greed-upon causal 
mechanism for the apparent periodicity. For mid-latitude regions outside the 
United States, there wai more uncertainty and less support for cyclic 
droughts than was evident for the United States. Similarly, no periodicity 
was Idehtified relative to fr^uency of draught in the Sahel region of Africa 
or the failure of the Asian mohsoons. . ^ 

Collectively, the climatologists expressed considerable uncertainty about 
possible changes in the amount and variability of precipitation=uncertainty 
not «nly with respect to the magnitude of changes but in many cases even 
with respect to the direction of change. This uncertainty was particularly 
pronounced about possibte changep in year-to-year variability. There was, 
however, some tendency to ^associate more precipitation and decreased 
variability of precipitation with global warming, and less precipitation and 
increased variability with global cooling. \ 

\ . ■ ' 

The foregoing conclusions are derived from the quantitative responses of the 
Climat| Panel to a set of /questions about significant climatic factors, 
including variability. The questionnaire (Appendix A) covered the period 
fronn the present to the end of the century. The panelists were asked to 
assigh probabilities to specified climatic changes and to give the rationale for 
their answers. For each question they were also asked to assign a numerical 
value tQ their owrf expertise and that of other panelists. 

Of the 24 climatologists replying to' the questionnaire, 21 provided a 
quantitative response to at least one question. The answers of the latter to a 
question on global tehnperature were weighted on a well-defined scale of 
expertise^ and then averaged to yield a probability density function for 
-changes in global tei^iperature. The range of perceived global temperature 
changes was partitioRad into five subintervals upon which are based five 
global climate scenanos with corresponding "probabilities" of occurrence. 
Next, each respondent was associated with a subinterval of global tempera- 
ture, or scenario, according to his perception of global temperature trends. 
Finally, detaffe of each scenario were developed as conditional ''probabili= 
ties" aggregated in a similar manner from the appropriate panelists' answers 



to other questions, Th^e,,, questions were concerned with the relative 
influence of selected atmospheric components, the latitudinal diitribution of 
temperatur^ changes, the length and variability of growing season, 
amount of precipitation and its year-to year variability, and the frequency of 

"'droughts and monsoon failures. Chapter II contains the five climate 
scenarios. In Chapter III the aggregated subjective probabilities of contingent 
events are compared from scenario to scenario, across zones o^Ja^tude, and 
by time periods,. (Thi responses to a question dealing with the outlook for 

' crops in 1977 and with the persistence of drought in the United States are 
discussed m Appendix BJ ) & 

, Tpe basic method of weighted averages, described more fully in Chapter I, is 
"Considered appropriate when respondents hm^ their replies on a common 

data ^base^ This method has a tendency to' preserve and possibly to overstate 

uncertaVitV ' * 

The five climate scenarios and the panelists' comments mart) fgw' a bmad 
range of perceptions about future climate. The experts' aggreg^^d subjective 
probabilities do not reflect a consensus on any narrowly defined climatic 
issue, but a large majority of the climate panelists were in broad agreement, 
for example, that the average global temperature is not likely \o change more 
than half a degree Cdlsius by the year 2000. Constructed by a standard 
rfuturistics methodology, the scenario narratives portray reasonable, coher- 
ent^^d consistent possibilities for world climate around the year 2000. 

iwiver, as is evident from the probabilistic data that accompany the text 
)f each scenario, it is unlikely that any scenario will materialize in ail its 
tated specifics. Although the scenarios cannot be viewed a^ alterjiate and 
lutually exclusive climate forecasts, they do put plausible quantitative 
^oyt^s on climatic chan'J^over the next 25 years. The "probability" of a 
scerTiirio provides policymakers with some measure— perhaps the best 
available=of the confidence to be placed in each of a range of possible 
climatiQ changes, none of which can be predicted by the current state of the 
climatologists' art. \ 

The next objective of this climate research project is to demonstrate for 
agriculture how clim^€rfriformation can be combined with climate response 
data to analyze practical implications of possible climatic change. The two 
pri^aHc^jgjiertipns behind this effort are: What are the likely impacts of 
possible climate changes on global food production? What are the policy 
implications of these impacts? Among the policy questions of particular 
irrterest are those co)pcerning food prices, food reserve requirements, food 
trade, and rfelated issues, A generalized climate response prediction method= 
ology has been developed, and estimates of the response of selected crops to 
parametric climate changes have been obtained from a survey of agricultural 
scientists. The response methodology will be applied to these crop yield data 
and the climate data reported herein to calculate the expected crop yields 



^ \ r 



associated with each climate scenario, A world food^jeconornic model will bS 
used to examine policy implications of the resultant climate/crop scenarios^, 
and their "probabilities" of occurrence. v 

■ 
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CHAPTEpdNfe ■'• 

METHODOLOGY 



RESEARCH APPROACH FOR TASK I 



Qeneril Ftatures 

The purpose of Task I was to define and estimate the likilihood of changes 
In alimati during the next 2i ytari, and to construct climate scenarios for 
the year 2000. Information was collected from a carefully silected^roup of 
axpirts through the use of a structured questionnaire. Ten separate questldns 
deaM with particular climatic variables and/or specific geographic rtgrohi df 
interest. Thest topics of inquiry were as follows: - * ' 

• average global tem||rafure ^ ' 

• average latitudinal temperature J 
, # carbon dioxide and turbfdity 

• precipitation change 

• precipitation variability 
mid-lafitude drought 

^ outlook for 1977 crop year 
^sian monsoons 
lel drought 

^gth of the growing season ^ . • 

Each question elicited Information about three elements: probabilistic (or 
equivalent) forecasts on a particular climatic variable, reasons for qua/itita- 
tive estimates, and self and peer expertise rating. The complete questionnaire 
is contained in Appendix A. 

A panel of climatological experts from the United States and abroad was 
selected by the research team, with assistance from the project Advisory 
Group. The panelists were selected both for their competence in the field of 
clirt^atology and for the diversity of views which they represented. The list of 
panelists responding to the questionnaire appears in the acknowledgments. 

The questionnaires were sent to 28 panelists and 24 were returned. Of these, 
^1 contained quantitative Information. Appendix C lists for each climate 
question the number of panelists who submitted quantitative estimates and 
the average of their expertise^ 
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Nntliitt^ Conaemi 

Most rispQpdip:b, as well as some of the invpted^panelists who^diellntd to 
participate/ voic^ some dtgrta ojf- ipprahenston or concern about tht 
quajtlonnalre ar^ the jig fan^ Risible abuM) of the information .derived 
from their reipbnses, T^j^tee poncerns centertd on the following Ismjest 

• the lack of iufficient actuarial experience, comprehensive theorlei/ or 
adequate modeli to support the quantitative estirnates given In the 
queitloni, ^ ^ ^ 

• the possible tL^pression of the full range of uncertainty accorftpanying 
responses, 

to "Science by consensus," 

The following commfnts by panel itti reflect thes^concernsi 

To the best of my knowledge, there exM, In getieral, no twlmlques for 
making climate fotecasts that have demonstrated skill iruthe sense that the 
forecasts are better^ than a forecast of the Jong- terrn^ average statistics. 
.Knowledge of even the long-term average itatiitics (means^ variances, 
extremes, conditional probabilities, etc.) would be moit useful for some 
purposes, but even this data is not readily available. 

I think . that the strongest menage to come from your questionnaire will 
be that we lack the basis for predicting even the grossest aspects of 
climate. . 

We possess no skill for forecasting beyond a short period, other than that 
which probabilities based on a frequency distribution can provide. Only 
a deterioration of dllmate will fire the imagination of the experts'. 
Prophets become known for their prophecies of doom. A prophecy of 
status quo or improvement would not be interesting. 

There is a good deal of guesswork involved, due to uncertainties about 
feedback mechanisms, the importance of aerosols, the general circulation 
in the atmosphere and oceans, and many other factors. 

I feel that one of the most important outcomes of your study could be a 
, clear statement of our present ignorance. That in itself ihould clearly 
indicate the need for contingen. plans. 

In the preparation of this report, the project team has given considerable 
attention to the foregoing concerns in analyzing the da'ta and aggregating the, 
range of views=and the expressed qualifications—provided by the respond- 
ents. Realizing that confident predictians of climate are btyond the state of 



the art, th© ^rbject ttam has proqmdad on thi assumptidh that ©xpert 
probabiliftia judgments, properly quelified, ^onstltwte bt^ available 
guidance for those who mi^ make pblicy in miters affected by cllmite. 
The ^lijnate data m the rlpar| bespeak uncertsinty and a' wide range of 
perceptions. In ihe descriptign of the rnethodo logy and the presentation of 
the analysis apo resuiti, appropriate fei^eati have been introduced to avoid 
mlsunderstanf^ngf^ 



ANAL\^SlS^ OF DATA 



Self and Peer Ratihp ^ ^ ; | 

An interesting ind ^eful feature of the quasfidhnalri was the conoept.of self 
and peer ratings. Figure I I is an excerpt of the instructions provided at the 
end of each queition and designed to asseis the respondents' expertly. " 

Figure 11 ^ ^ ^ ,r . 

SEL F Aivip PEER RATING ' 

Using the self-ranking definitions^ provided in the instructions, please 
indicatf^yqur level of substantive ekpertise onjhis major question. 

S - 4 - 3 2 1 

Again uiing the self-ranking guide, please identify those. other respondents 
whom you would rate as "expert (5)'' or ''quite familiar (4)" in <heir 
answer to this particular question; 



The categories from 5 to 1 (expert, quite firhiliar, familiir, casually 
acquainted, and unfamiliar) were carefully defined in the questionnaire. 
Table M shows a sample of the degree of correlation between self and peer 
ratings for five /espondehts on Question L The general agreement between 
_jelf and peer ratings is fairly evifient by a scan of .the two right-hand columns 
in th# %rtlef A detailed aaalysis of the cprrelation between self ratings and 
the mean of peer ratings shows it to have a value of 0.52 at a significance 
level of 0.007; This is considered af^fairly high correlation. 

A simple, averaging of self and peer ratings for each respondent on each 
question, rounrfed to the nearest integer valUe, provided a weighting that was 
subsequently used in aggregating responses. The particular^weighting scale 
ihat vi^as used is shown in Table Levels of expertise falling belovy 
"familiar" ("casually acquainted-' and ''unfamiiiar") ware not used in the 
processing. Of the three levels shown in Table 12, the ^'expert" category was 



COftRELATION BiTWiiN SiLF AND PEiR RATINGS 



; ^requency^ ,df Peer Ritings 
Se'f-' r ' - Quite 

Respondent Rating Expert Familiar 



s 



A ^ Ejcpert , 10 34 

B Expert 4 3 



^ ^ ' Ciuile Idiiiihir ^ ^ 

P Quite familiar 

E Familiar 



weighted twice as heavily as the **qy|te familiar'' ea|tgorY and the "quite 
familiar*' was w^ttd twice as htivily as '^famlltar/' In effect this riflects 
the la/gely ennpiriMi and intuitive notion ^hit an expert'i opinion is worth 
about twice as much as one wh6 is **qfiitt fa/iitliar/' which in turn is worth 
twici m much as an individual who irrank^ S^'famlllir'' with a topic. 

Table 1-2 ; / . / . 



. COrjVERSION OF EXPERTISE RANKING TO WEIGHTED SCALE 



Expertise Weight 



Expert / . 4 

Quite familiar * 2 
Familiar- \ 



Proca ssing of Responm . , 

The gineral schema for processing the information from the questionnaires 
was as follows; * 

• tabulate each rtspondent's probability density function with respect to 
change about a particular variable at a given time, or. dtrive the 
probability dfniity function from graphical information provided by 
the respondent. ' , . 

• multiply each probability density function by the appropriati expertisi 
weight (as described earlier), ' ' 

^« add the weighted density functions of respondents. 

• divide the weighted and aggregated density functions by t^sum of 
expertise weights to normalize the group response. ^ ^ 

• combine the ^aners responses on each climatic variable Into a set of 
scenarios spanning the range of uncertainty or range of conditions 

' described by the respondents, , 




Question I, de^lmg with possibl© ehanges in globil mean timpirature*, was a 
pivotal qu^ion becau^ parceptions of global mean temparituri graitly 
Influent percapttons .with respect to the climate varlibles treited In 

pjbsiqMin^ qMitio^. ; - 

. ■ ' . . ' ' '■ ' '-' '■ 

Question I is based on Figurt 1:2, a ptot of historical changes in annual mtan 
temperature during the past ^ntury. Each reiportdent was asked to provide 
thr£ eai mates of the future Jcoursa of possible changes in global 
ttmperature to the year 2000. The first estimate was to be a temperature 
path to the year 2000 such Jhat the^e was only 1 chance in 10 that the 
actual path could hf even lower. The second estimate was to be a path with 
an ev^n chance tl^ tempirature couTd be either Jower or higher; and the 
thSfd WS a path based oh 1 chance in 10 that it could b^ji^in higher. ; 



Figure h2 1^ - - - 

GLOBAL TEMPERATURE^ 

Historical record of 'changes in. tnnual mean temperature 
during the past century for the latitude band, 0 80*N. 



T 




^ , 1860 1880 1900 1920 

The period 1880 1884 the zero reference .base> 



1940 



1960 



Year 



1 980 2000 
^From Mitchell, NOAA 



\: 

*For the purpose of this study,- '^global temperature'' is iked as equivalent to annuai 
mean tem^rature between O"" and 80" north latitude, } 
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Figure 1=3 shows a ^nip^ rfipo^ to Questfotf I by a singlfe rispondent. 
Each of the thrte ^imitei could be drawn in any furi6tioptl fdtm desired, 
Par^nttte of 10, BO, Or 90 can be read off for )any year betwe^'the 
''piwnt" (the end of the plot In Figure 1*2) and the year 2000. - 



Figure h3 ; ' 

SAMPLi ReSPONSE TO QUESTION I 



AcHiil txamplf of a imgye 

mponse to the Innruttions 

^ ' ^-r- 




1860 1880 1900 , 1920 

The period 1880 1884 is the lero reference base. , 



1940 



1960 



Year 



1980 2000 



The processing of responsti will now be Illustrated uilng the answiri to this 
question by ^ single respondent/ Figure h4 is ^ ptot of the information 
shown iij Figure 1-3 for the year 2000, converted to a cumulative probabifity 
funstion in which the ends of the function have been ex^tended beyond the 
90th percentile and below the lOth percentile in a Hnear 'approximation. For 
example, the respondent has indicated a 10 percent chance that the 
timperature will change by 0.04^C or less, a 50 perbent chance that it will 
change by 0.2-C or less, and a 90 percent chanci that it will change by 
0.47^ C ^less.** Similar valuis can, of course, be obtained for any other 
year from^^ure 1-3. ) * . 



**These temperature changes ^tre in relation to the zero referent base period, 
1880^1884, as shown in Figure \-2. 
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iQUIVALENT'DENSITY FUNCTION FOR QUESTlbM I 

, , — : . — ' - . 




The period 1880-1884 is the zero referenci base. 
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Tha next step is to convert the eumulitive proba^j^^nciton Into an 
equivalent densit\f function by tiking the firat derivative of the plot in 
Figure Slnci the plot aonslsts of tvii» straightline segments, we have 
basi^lly two degree of freedom, or two l^els In the density function, 
which is shown In Figure^ 1-5. The arei undei^itie curve intircepted by arty 
particular temperature ran^ fs eqUil to the probability of oqcurrence of that 
particular temperature range, and the total area under the curve in Figure 4-5 
is unity. , > * ' , 



Figure 



Figure I shows unweighted density^functlons from each of twortespond- 
enti. The two functions are next weighted by the appropriate expertise 
weights, added and then divided by the sum of the weights to obtain the 
combined and normaliied density function for the two respondents. Again 
the area under the curve of this combined and normalized density function, 
shown in Figure 1-7, is equal to unity.' 



ADDING TWO DENSITY FUNCTfjDNS FOR QUESTlQN I 
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Temperature Change (^C) by the Year 2000 
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The period 1880-1884 is the zyo reference base 
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The procedure outlined above Is repeated for the responsei of each of the 
other panelists. Figure 1-8 is a plot of the aggregatid normalized responses of 
the full panel for the year 2000. An analogous procedure yields probability 
density functions of mean global temperature change for the years 1975, 
IgSO, and 1990,. The information contained in the probability density 
functions is shown in Figure 1=9 as extensions to Mitcheirs original curve. 
The extensions on the curve show the 10th, 50th and 90th percentilerfor 

33 
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each year from the "prtsent" to the ytar 2000. Inttrmtdiiti percentiles are 
' tto plotted. ^iM, Figure t-0 is i summary of the aggregated reiponifi of 
the panelists with r^peot to global temperature. 

NORlllALIZEb DiNSITY FUNCTION FOR TWO RESPONDENTS TO QUiSTION I 

2,50 I— .4 _ _ 




The period 1880-1884 is the zero reference base. 



In aggregating the responses by the method of weighted averages, it has been 
assumed that the respondents are drawing from the same general information 
base and, therefore, that their Information is highly dependent. In such cases 
of information dependence among respondents, it is customary to use the 
method of weighted averages to aggregate responses. All responses are used 
and Weighted by the respondents' expertise as perceived by .themselves and 
their ptf rs. The shape and range of the aggrega/ied curves are not acutely 
sensitive to the vyeighting^ system used. The-metnod is "conservative" in the 
iense^ that the derived pro.bability curves tend to be broad and to overstate 
uncertainty as a result of the additive treatment of the individuar%ubjective 
probabilities. Had the responses been based on independent information, 
multiplicative treatment of theHndividual probabilities would have been 
mdre appropriate, and the derived probability curve^would have shown less 
dispersion. ^ 
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BABILITY-OF MEAN NORTHERN HiMISPHERE TEMPiRATURE CHANGE 
E YEAR 2000 AS DiTiRMINED BY T+IE PANEL OF CLI|VIATId EXPERTS 
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CLIMATi SCiNARHDS 

- - - - . s, . 

I 

Use of S^narios . 

A convenltnt procedure for dealing with a range of uncertainty when it is 
not possible to construct quantitative models is through the use of scenarios, 
which may bt considered plausible sequencei of events or trends. "Safndrios 
describe interconnections— perhaps fven causal processes--dnd highlight, 
where possible, decision points. In a sense, a scenario is a possible *'sllce of 
future history.'' 



Construoting Scenarios 

In the present instance, since reiponses on gfobtfl tempirature are pivotal In 
setting the stage for other climate variables, the plot in Fi^re 1-8 carrbe used 
as a basis for dividing the perceived temperature range into a number of 
categories. These categories then become the bases for constructing 
scenarios. The number of categories (and scenarios) is, in a sense, arbitrary 
pnd can be three or five or even a larger number, if desirable. Table 1-3 shows 
the perceived temperature range divided into five categories. They' range 
from large global cooling to large global warming. Associated with each 
temperature range is* a probability of occurrence where, in fact, the 



temperature ranges-were selected to make these probabjljt 
cal. V 


y ringes symmetric 


Table 13 
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DEFINITION OF TEMPERATURE CATEGORIES 


TemperatUTi 
Category * 


Change In Mean Northern Hennisphere 
Temperature from Present by the 
Year 2000 


Probability 


Large cooling 
Moderate cooling 
Same as last 30 years 
Moderate wamniirg 
Large ^arrning 


OJ^Cto 1.2''Q colder 
Q.OB^Cto 0.3^t colder 
0.05''C^colder to 0.25^C warmer 
/ 0.25^C to O.e^C warmer 
OS^C to 1J°C warmer 


0.10 

0,2S i 
0.30 ^ 
0.25 t 

aio 



'"Present"' temirature is defined as the end point on Mitchell's graph (Figure 1-2) -^i.e., 
the average temflerature for the five year period ending in 1969. 



In order to prodess information with respect to other climate variables, it is 
useful to group jrespondents with respect to thefee five temperature ranges, 
according to ^her^ the bulk of each respondent's prdbibility density 
funpfion lies. Table 1=4 is a matrix showing each of the five temperature 
categories arrayed as rows and the 19 respondents in 5 groups arrayed as 



columns of the matrix. As will be noted in Table 14, the bufk of each 
group's probability density funotlons lies along the diagorlal element of the 
'5xS rnatrm (one respondent at eich end, three and four at the Intermediate 
ranges, ana ten in the middle ran^). 

The results of the information collected under Task I have been embodied in 
a ^t of ^ive sctnartos das^ibed in Chapter II, with more detailed diicussion 

and comparisons in Chapter III.* 

. .■ *- 

.The ' icenarro|^ are lasted In accordance with the glb¥ar tern 
categorii^'tn Table 1-3. One. purpose is to provide an integrated summary of 
perceptions of climatblogists on climate change and variability to the year 
2000. An equally important purpose is to provide a point of departure for 
structuring questions in Task II and to trace the impact of such possible 
climatic changes on food production and on the choice of policy options. 

-s 

Table 1-4 . ' . . . 

PERCENTAGE OF GROUPED PRpBABILITY DENSITIES LYING IN 
EACH TEMPfHATURE CATEGORY 

Temperature 
Categories 

Large cooling 
^ '^Woderatt cooling 
S^rm as last 30 years 
Moderate warming 

Large warming 

s 

The procedure for creating scenarios corresponding to the five global 
temperature categories is as follows: ' 

• Each respondent is first assigned to a global temperature category, as 
described in Table 14. 

• Responses within each temperature category are combined for all other 
climatic variables (except for precipitation and precipitation variability^ 
where all responses were available**), 

• Responses are integrated into a narrative, supporte^by summary tables. 

*fhe responses to Question VII, "Outlook for 1977 Crop Year, "are not included in the 

►scenarios. That portion of the informatipti for which expertise levels were considered 

'= _#p ...... . _ . 

adequate has been processed and is shown in Appendix B. Included is an anaiysis of 

subjective probabilities concerning the persistence of droughts in the U.S. 

**For questions on precipitation and precipitation variability only, information was 
elicited from eicb respondent based on conditional assurnptions with res^^ct to global 
temperature. 



Number o 
1 3 
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METHODOLOGY 

The processipg-^teps for Questions II through X are identical to those for 
Question I except that, of course, in these other instances, density functions 
or equivalents are provided directly by the respondents and need not be 
derived through the use of cumulative probability. 

Figure I 10 ' 

QUESTION Vl - MID-LATITUDE DFTOUGHT Frequency of Drought 
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The sequence of steps Is illustrated by using Question VI, which concerns 
rnid latitude drought. Figure hlO is an excerpt from Question VL Table 1-5 
illustrates how responses for one of the time periods (i,e,v 1991 to the year 
2000) vyere weighted and aggregated in the Moderate Warming scenario. The 
process outlined for Question VI is repeated for each of the other questions. 

Table 15 



FREQUENCY OF DROUGHT IN U.S, IN 1991 2000 
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Review of Scenarios 



In June 1977, the project Advisory Group recommended that an ad hoc 
panel review early drafts of the five scenarios for internal and mutual 
consistency. Accordingly, project staff met in July with six climatologists at 
the National Center for Atmospheric Research at Boulder, Colorado, The 
reviewers paid particular attention to the large and moderate warming and 
cooling scenarios, i.e., those constructed from the smaller 'data bases. The 
details and the conditional probabilities ot these end scenarios, therefore, 
^ reflect the judgments of more people than the limited number of panelists 
who responded to the questionnaires along the lines of these scenarios. The 
review process, which essentially strengthened the data bases of the end 
scenarios, resulted in significant changes to only one of them, the large 
global coolmg scenario. 



Nature of Scenarios 

Each scenario seeks to describe average climatic conditions as they might 
exist in a period of years around A.D. 2000. The conditions do not refer 
specifically to the year A.D. 2000; the climate of that year is likely to differ 
from the scenario projection to an extent cor^istent with normal year-to^ 
year climate variability. Some indication of the course of climate changes 
bi|tween the present time and the end of the century is also given in the 
narrative, and in the tables appended to each scenario. 

Each scenario is assigned a "probability of scenario," This "probability" is a 
derived value based on the panelists' probabilistic temperature forecasts and 
a weighting scheme to take into account each respondent's expertise as rated 
by himself and his peers, Ther&f^re, it reflects the range of judgments 
expressed by the climate panel ancPfhe strengths of their beliefs, as well as 
their level of expertise,* 

This probability should not be construed as the likelihood that the total 
scenario will actually materialize in the future. The correct interpretation of 
the "probability of scenario" involves the following considerations; 



'A "probabil of 0.25, for example, does not mean that there was universaf agreGmeiit 
that the seen. fn question would occur with probability 0,25. Nor does it mean that 
25% of the panelists "voted" for that particular temperature change to the exclusion of 
other changes. Roughly speaking, the "probability" 0.25 is an amalgam of the proportion 
of panelists who gave some credence to that particular temperature change, the strength 
of their individual "beliefs" m the change (their individual probabilitifn of occurrence) 
and their individual expertise. 



(1) ^ The "probability" is essentially a measure of the confidence, expressed 
collectively by the climate panel, that the global temperature change 
between circa 1970 and circa A. D. 2000 will lie In the range indicated by the 
scenario. This measure of confidence bears an unknown relationship to the 
probability that the scenario will actually occur. ' 

(2) It was assumed that the global temperature change indicated by the 
scenarios has a negligible probability of being greater than +1.8^C (the upper 
limit of Large Warming) or less than =1.2^C (the lower limit /of Large 
Cooling), in this respect, the five scenarios, taken together, are considered to 
bracket all realistic outcomes==l.e., the probabilities of the five scenarios sum 
to unity. 

.* 

(3) Details are given Jn each scenario which elaborate on the scenario in 
respects other than stipu^ted global temperature change^ These are 
considered by the climate banel to be reasonable inferences safeout future 
climatic ' developments that are consistent with the global temperature . 
change. Thes^ details by no means ek^de other possible developments. 
Hence, they are not necessarily to be construed, individually- - or m . 
combination, as- having a probability as high as that Indicated for the ^ 
scenario as a whole. Conditional probal^ty information, given in the tables 
included with each scenario, can be combined with the overall probability of 
the scenario to assess the absolute level of confidence to be placed in future 
ev^ts specified in the scenarios. For example, one can find the overall^ 
"probability" of a specified event (e.g., "frequent" drought in the U,S* for 
the period 199>2000) by first calculating for each scenario the product of 
the "probability" of the scenario and the conditional probability of the 
event for that scenario, and then summing the products for all five scenarios. 
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CLIMATE SCENARIOS y 



This chapter corrtains descriptions of five climate scenarios, ranging from 
large global cooling to^arge global warmingl^he last subsection of Chapter I 
describes the nature of thesa scenarios, including t^e correct interpretation 
of the ''probability of scenario" and of the other probabilities associated 
with the scer>arios. 

In the text and tables of this chapter/the latitudinal zones are as defined in 
the climate questionnaire. Appendix A: ''golar latitudes/' 65' to 90"; 
"hJ^her midnatitudes/^'45^ to 65%^ 'lower mid^atitudes/' 3Q^ to 45"'; and 
'^subtropical latitudes/' lO'^to 30^ , , ■ 



LARGE GLOBAL COOLjInG' 



The global cooling trend that began in the 1940's accelerated rapidly in the 
last quarter of the 20th century. The average global temperature reached its 
lowest value o^4he past century a few years before the century ended. By 
the year 2000, the mean northern hemisphere temperature was about O^S'^C 
colder than in the early 1970's and climatic conditions showed a striking 
similarity to the period around 1820. Climatologists explained this large 
global cooling in terms of natural climatic cycles, partly solar induced and 
partly attributable to several major volcanic eruptions that occurred between 
1980 and 2000. Although most climatologists had expected 'a continued 
increase in carb^ dioxide to be reflected in global warming, this warming 
influence was overwhelmed by the natural cooling in th&^pygriod. 

While temperature decreased over the entire globe- the largest decreases 
occurred in the higher latitudes of the northern hemisphere. The north poter 
latitudes, marked by an expansion of arctic sea ice and snow cover 



"Statements concerning some details of this scenaricD reflect a higher degree of certainty 
than was expressed by the clin^atologists who participoted in this study. See the attached 
tables for th4 range of uncertainty. See also the discussion in subparagraph (3) at the end 
of Chapter 1^' 
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LARGE GLOBAL COOLING 
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CLIMATE SCENARIOS 



Table 1MB ' 



LARGE GLOBAL COOLING 
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(especially in. the north Atlantic sector)/had cooled by about 2"C since the 
early 1970's,** The northern higher and lower middle latitudes cooled by 
slightly more than TC. The subtropical latitudes in both hemispheres 
showed a 0.5''C urease Jn average temperature, while the remainder of the 
southern latitudes showed a TC decrease. The large global cooling trend was 
also reflected in a significant decrease in the length of the growing season in^ 
the higher middle latitudes and a substantial increase in the variability in the 
length of the growing season |rom year to year. \ 

By the year 2000, it ^^s also raining less in the high&r middle' and 
subtropical latitudes, mnough precipitation amounts in the lower middle 
latitudes changed little or possibly increased slightly. 

Precipitation also became more variable. The westerlies showed a pro- 
nounced shift from the higher middle to lower middle latitudes. This shift 
brought brief, yet severe, *'hit=and=run" droughts as welj as severe cold spells 
(including early and late killing frosts) in the lower middle latitudes. The 
higher middle latitudes, particularly Canada, from which the westerlies and 
their associated storm tracks were displaced, suffered an increased incidence 
of long-term drought and winter cold. In the subtropical latitudes, the 
subtropical highs tended to displace the tropical easterly rainbelt and, hence, 
increased the incidence of long periods of hot, dry weather. The center and 
intensity of the Asiatic monsoon changed 4raniatically between the late 
1970's and the turn of the century; The frequency of monsoon failure in 
northwest India increased to such an extent that the last decade of the 20th 
century bore a resemblance tb the period from 1900 to 1925, Droughts were 
also more frequent in the Sahel region. 



* *One climatologist wbo inciineKj to this scenario^roasoned that the north polar regions 
would coqI only ntiout considfirably loss thnn the cooling in the middle northern 

latitudos. f .- 

J 



CLIMATE SCENARIOS 



MODERATE GLOBAL COpLING* 

. • 

The global cooling trend that began in the 1940's continued through the last 
quarter of the 20th century. By the year 2000, mean northern hemisphere 
temperature had decreased by approximately OJE'C compared to the early 
1970's. Climatologists explained this trend principaify in terms of a natural 
cooling cycle, moderated by the warming effects of increasing amounts of 
carbon dioxide in the atmosphere. The cooling cycle was partly solar in 
origin and partly associated with an increase in volcanic activity. 

While temperature decreased over the entire globe, the largest temperature 
decreases occurred in the higher latitudes of the northern hemisphere. 
Specifically, the polar latitudes of the northern hemisphere cooled by 1"C; 
the higher middle latitude by 0.4°C; the lower middle latitudes by 0.3"C; 
and the subtropical latitudes by 0,2"C. The southern hemisphere, with its 
more zonal circulation and larger ocean area, cooled more uniformly and 
slowly; the average cooling in that hemisphere was about 0.15"C, The extent 
of the cooling in the higher middle latitudes was not sufficiently large to 
cause a significant change in the mean length or interannual variaWlity of the 
growing season. 

The growing-season precipitation as well as annual precipitation levels 
remained unchanged in the lower middle latitudes but decreased slightly in 
the higher middle and subtropical latitudes. Annual and growing^season 
precipitation._variability increased slightly cvornparefi |0 the 1950=75 period, 
wifff the stronj&^t tendency toward incr^sed variability in the subtropical 
latitudes. ^^ 

Drought conditions again plagued the mid latitude areas of the United 
States, corroborating the 20-to-22 year drought cycle hypothesis. In the 
other mid-latitude areas of the world, there were intermittent drought 
conciitions comparable' to those of the 1970's. Droughts were also more 
freciuent in tfie Sahel region, as was monsoon failure in Asia. 
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CLIMATE SCENARIOS 

Table 1 12 A 




ERATE GLOBAL COOLING 
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CLIMATE SCENARIOS 



Table II 2B 



MODERATE GLOBAL COOLING 



RELATIVE IMPORTANCE OF CARBON DIOXIDE 
AND TURBIDITY (PERCENT) DURING THE 
PERIOD 1975 2000 
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SAME AS THE LAST 30 YEARS* 

r 

The global coolin^g trend that began in tlie 1940'sJeveled out in the 1970's, 
Average global temperature in the last quarter of the 20th century increased 
slightly; thus, temperatures were more consistent with those in the period 
fronn 1940 to 1970. By the year 2000, mean northern hemisphere 
temperature h/d risen approximately 0.1 compared to the early 1970's, 
Climatologisfs explained that the warming effects of the increasing amounts 
of carbon dioxide in the atmosphere had balanced a natural cooling cycle. 
Temperature increases were nearly uniform throughout the north^i and 
southern hemispheres, with slightly more warming in the northernnemi^ 
sphere than in the southern. No significant changes in the mean length or 
interannual variability of the grow^g season were noted. 

The annual precipitation levels as well as the growing-season precipitation 
remained unchanged from the 1941-70 period. Also unchanged was the 
variability df annual precipitation. Hpwever, a small shift toward increased 
variability in the growing season was detected. 

Drought condition^ again plagued the mid-latitude areas of the United 
States, corroborating the 20-to=22 year drought cycle hypothesis. In other 
mid-latitude areas of the world, drought conditions recurred also, but not to 
the same extent as in the United States. On the other hand, favorable 
climatic conditions returned to India and other parts of Asia. Wlonsoon 
failures became more infrequent. Also, the Sahel region, which had suffered 
severe drouqht from! 1965 to 1973, returned to average weather conditions. 



'Statements concerning some details of this scenario reflect a higher degree of certainty 
than was expressed by the climatologists whd participated in this study. See the attached 
tables for the range of uncertainty. See also th^) discussibn in subparagraph (3) at the end 
of Chapter I . 
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Table II 3A 



SAME AS THE LAST 30 YEARS 
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MODiRATi GLOBAL WARMING* 



Thi ^bal cooling trend that btgan in the 1940's was reversed in the last 
quartar of tht 20th cintury, By the year 2000, mean northern hemisphgre 
temparaturi had risen by approximatt ly 0.4'C, compared to the early 
1870's. CItmatologists explained that this increase in temperatures was due 
principally to the warming effects of increasing amounts of carbon dioxide 
in the atmosphere, which predominated over a slow, natural cooling effect. 

While average global temperature increased moderately, the largest tempera- 
ture increases came in the higher latitudes. The northern hemisphere warmed 
slightly more than the southern hemisphere due to its greater land area and 
tht larger thermal Inertia of the southern oceans. In the northern 
hemisphere, the polar latitudes warmed by 1,2*C; the higher middle latitudes 
by OJ" C, the lower middle latitudes by 0.3^C; and the subtropical latitudes 
by 0.25^C. In the southern hemisphere, average temperatures over the polar 
latitudes increased by 0.65^C; the higher middle latitudes by 0.4^C; the 
lower middle latitudes by 0.3^C; and the subtropical latituderby 0.2^C. The 
increase in global temperature was reflected in a modtiBte increase in the 
length of the growing season in higher middle latitudes, but no significant 
change in the interannual variability of the growing-season was noted. 

Annual precipitation levels increased slightly in the higher middle latitudes 
but showed little change for lower latitudinal bands. Growing-season 
precipitation also inQreased slightly in the higher middle latitudes and 
subtropical regions but remained unchanged in the lower middle latitudes. 
Both annual and growing-season precipitation variability remained essentially 
unchanged except for a slight increase in the variability of growing-season 
precipitation in subtropical latitudes. 

Drought conditions again plagued the mid latiiude areas of the United 
States, corroborating the 20 to^22^year drought cycle hypothesis. Climatic 
conditions were somewhat^ more favorable in tHe Asiatic region and in 
subtropical North Africa. The frequency of monsbon failure, especially in 
northwest India, resembled more closely the long term average; so did the 
frequency of drought in the Sahel region. 



*Statcment5 concerning somo details of this scenario reflect a higfier degree of certainty 
than was expressed by the climatologists who participated in this study, See the attached 
tables for the range of uncertainty. See also the discussion m subparagraph (3) at the end 
of Chapter I . 



CLiMATjS SCENARIOS 



M 0 D i R A T i 0 Lb fAL WARMING 



PROBASILITY OF SCENARIO; 0.2B . • ^ 

MEAN NORTHERN HEMISPHfRf TEMPiRATURE CHANGi SINCE 1969; between 0.25° and CB^C warmer 



PROBASILITY OF TEMPERATURE CHANGE BY LATITUDE 



(Compared with f 970-75) 
% 



Northern 
hemiiphtrt 



Southern 
hfrntsphere 



Pbiir 

Highir rfiid iatitude * 
Lower mid iitrtyde 
Subtropicil 



Subtropical 
Lower mid latitude ^ 
Highar mid latitude" 
Polar 



6 1 



u 

a 

O 



0.1 
0.1 
0.1 
0.1 



0.1 
0.1 
0 1 
0.1 



u 

d i 
d M 



0.1 
0.3 
OS 
0.6 



0.6 
0.5 
0.3 
0.2 



u 

- i 
d i 



0.2 
0.4 
0.3 
0.2 



0.2 
0.3 
0.5 
0.5 



u 








In 






a? 




I 


EN 


E 

w 

m 


m 












i 



0.2 
0.1 
0.1 
0.1 



0 
0 

0, 
0.1 



0.2 
0.1 



0.1 



u 

Si 

d ^ 



0.2 



u 

^ i 

E^ i 



'Growing season m higher middle latitudei: Probability of an increase (decrease) in the fmgm of the growing seascn 
exceeding 10 days is 0.4 {0.2), probability of an increas*/ (decrease) m the variBbility of the length of the growing 
season in excess of 25% is O.t (0.2). 



PROBABILITY OF PRECIPITATfON CHANGE BY LATITUDE 



(Compared with 1941 70) 


ANNUAL 




GROWING SEASON 




^ O 
u ^ 


i 2 
u . 


U 

m 

S B 

u ^ 

V 

a ' 




Increase 


|i 

6 V 


U 

w 

a A\ 


Higher mid latitude 
Lower mid latitude 
Subtropical 


0 3 
0.2 
0 2 


0.5 
0.6 
0.6 


0.2 
0.2 
0 2 




0.3 
0.2 
0.3 


0.5 
0.6 
0.5 


0.2 
0.2 
0.2 



PROBABILITY OF PRECIPITATION VARIABILITY CHANGE BY LATITUDE 



(Compared with average for thfi 
previous 25-year penod) 



Higher mid Itititucff? 
LowfT mid latitudi;' 
Suhtropicnl 



ANNUAL 



0 2 

0 7 
Q.7 



0 6 
0 G 



O "■ 

0 2 
0 2 
n 2 



GROWING SEASON 



0,2 
0.2 

0.3 



U V 



0.6 
0.6 
0.5 



0.2 
0 2 
0.2 



30 



ERIC 



CLiMATi SCeNARIOS 



Tsbif IMS 



MODfRATE \GLOBAL WARMING 



m' _ 

* * 


'-— ■ — — ' 

J 1 

U ^ 


sl 

m 

U. y . 


i ■ . 


M 

'E 


« 

10 


> f 












RELATIVE IMPORTANCE OF CARBON DIOXIDE 












ANDTURSIDIVy (PERCENT) DURING THE 


60 


1i 


5 


#10 


10 


PlRfOD 1975 2000 













4 





1977 80 


'l981 90 


1991 2000 








c 












*^ 
c 














4j 




Oi 


lU 




aj 




3 








QJ 








13 






S= 




f 


3 




o= 








c 




< 


1 




< 


c 


PROiABILlTV^F MID LATITUDE DROUGHT' 




















United Stiles 


06 


0.3 


0.1 


OJ 


0.2 


0.6 


OJ 


0.3 


0.2 


Other Mid Latitude 




















PROBABILITY OF SAHEL DROUGHT' ' 




0.4 


0=3 


0.3 


0.4 


0,3 


0.3 


0.4 


0.3 


PROBABILITY OF MOISJSOON FAILURE'** 




















Northwest India 


0.3 


0.4 


0.3 


0.3 


0.4 


0 3 


OJ 


0.5 


0.3 


Othgr India 




















Other Monsoon Asta 





















'FrffQiiftnt sirriiidr tti snarly in rT"iif_h 19305 iirui uarly to rriid 1950s. dVPfngp^^iTTwlaf to the frequoncy over the 
longeit pijrtod of rocord dvai liihlf? , infrffutff^nt -Simildr to 1940s arid lOBOs. 

** Frequent ~\\m\\^x to 1940-50 and 1965-73 ptiriods, 3ff?ri?ge — similar to the frequency over the longest period of 
rocorfi avaiial)le, /^j/fer/t/erjf — similar to 1950-65 period. 

* * *Frequenf ^\m\\^\\ to 1900 25 [if'riod: nyerjge simildr to thn fretjuency ov»?r the longest period of record 
available J /n/r^f/f^e/Jf -SI fTi) lar to 1 930 60 jifnod. 




31 



ERIC 



LARGE GLOBAL V^RMING* / 



Tht globil roolfng trend that began in the t940'i was drimatically raveried 
in tht last quartir tof the 20th century; By the year 2000, the m§an northern 
hemisphere temperature had increastd by about I^C compared to the early 
1970's. Ctimatologisti eKplained that this trend was'due principally to the 
warming effects of the increaiing amounti of carbon dioxide in the 
atmosphiri.' ^ * 

While temptrature increased over thi'iritiri globe, ttmperature increasei 
Wire more pronoi^ncid at higher latitudeif The subtropical latitudes warmed, 
on the fverage, by O.B^C; the lower ^middle latitudes by 1.0^ C; the higher 
jiiiddle latitudes by 1.4^C; and the polar latitudes by a remarkable 3.0^C, 
compared to the early 1970'i. Symmetry prevailed as similar temperature 
changes were observed in both the northern and ^uthern hemispheres. The 
increase in temperature was accompanied by a significant increase in the 
length of the growing season in phB higher middle latitudes, as well as by a 
substantial decrease in the variability from year to year in the length of the 
growing season. \^ . 

Precipitation levels generally increased, especially rn the subtropical and 
higher middle latitudes. In the lower middle latitudes there was little net 
change of precipitation. Annual precipitation variability decreased slightly 
compared to the 1950^75 period; precipitation vgriability during the growing 
season similarly decreased in the higher middle latitudes, but incrtased 
slightly in the lower middle and subtropical latitudes. 

The warming trend also uihered in more favorable climatic conditions in 
Indfa and other parts of Asia, These conditions were similar to those of the 
1930-60 period. Monsoon failure was infrequent, especially in northwest 
India. But In the mid-latitude areas of the United States, extending from the 
Rockies to the Appalachians, drought conditions similar to the mid-1930's 
and the early-to-mid-IBSO's prevailed. In other mid-latitude areas of the 
worlds notably Europe, the probability of drought declined. The increased 
levels of precipitation also returned the Sahel region to wetter weather 
conditions. 



^Statements concerning some details of this scenario reflect a higher degree of certainty 
than was expressed by the climatologists who participated in this study. See the attached 
tables for the range of uncertainty. See also the discussion in subparagraph (3) at the end 
of Chapter I. 
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CHAPTER THREE !■ ' ' 

DISCUSSION OF SCENARIOS 
AND CLIMATIC PROBABILITIES 

; y 

r 

G|NERAL 

This ahapter summariiei the iggregated probabiliitic data of the climate 
panilists and ma kit compariioni of these data=from scenario to scenario, 
across latitudinal zones, and aQfoss three time periods between .now and the 
year 2000. The data received ih resppnie to the climate queitibnnaire 
(Appendix A) are related primarily to trends in gross climatic parameteri 
rather than the interannual variability of the parameters. In the ensuing 
discussion, particular atterkion is paid to the limited data that bear on the 
paneliySts* perceptions about the important question of future climatic 
variability. Also included are some of the climatologists' numerous com- 
mertis giving rationale for their answers and e^pressi^ng caveats and 
reservations regarding their responses. 




GLOBAL TEMPERATURE CHANGES 

The climate scenarios of the preceding chapter are structured aroun'b the 
responses to the first question— Global Temperature= of the climate ques- 
tionnaire (Appendix A), Table h3 and Figure 1-8 of Chapter I show the 
"global" temperature range (expressed as the change in mean Northern 
Hemisphere temperature from present by the year 2000) for each of the five 
scenarios and the ''probability" associated with each scenario. The total span 
of temperature changes in all th^jpenarios Is S'C, ranging from 1,2° cooler 
to warmer. The three middle scenarios encompass a range of less than 
I^C (from 0,3" cooler to 0.6^ warmer), and have an aggregate ''probability" 
of 0.8, This general consensus—that there will be no radical change in global 
temperature by 2000 A.D^— and the slight group bias toward global warming 
are considered to be major^ findings of this study. 

Respondents whose probability estimates tended toward the two warming 
scenarios explained their reasoning primarily in terms of the likely long-term 
dominance of the CO; warming effect. This explanation is reflected 
quantitatively in Figure 1 1 1-1, which summarizes the responses to Question 
III (Carbon Dioxide, Turbidity, and Climate) of the questionnaire, In 
general, panelists who inclined toward global cooling hypothesized that the 
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These five graphs summarise the aggregratid responses to Question III {Carbon Dioxide, 
Turbidity, and Climate) of the climate questionnaire. The cMmatologists were asked to 
indicate the relative influence (in percent) of the indicated atmospheric components on 
global climate over the next 25 years. The vertical bars reading from loft (Large Cooling) 
to right (Large Warming) correspond to the five climate scenarios. 
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wirming effects of CO2 might not material izt to the extent suggtsttd by * 
those supporting a strong wafming trend, or that the CO2 warming eff^cti. 
would be overshadow^ by a long-term, solar-lndyced cooling trend; Sev^al 
respondents alto commented on the possible cooling effecti of volcartjc 
activity, noting, however, the difficulty of predicting the level or timing of 
such activity. The middle scenario— that of little change in the mean annual 
global temperaturi— is predicated primarily on the warming effects of CO2 
balancing the effects of natural cooling. Some panelisti commented on the 
possible effects on climatic change of dust and other natural and 
anthropogenic particlei, but there does not appear to be a consensus whether 
such particles have a net warming or cooling effect; also, their effect 
probably tends to be more regional than global. 



LATITUDINAL TEMPERATURE CHANGES 



Perhaps more pertinent than a given change in average global temperature is 
the nonunifqrmi'ty of the aiiociated temperature changes at different 
latitudes. Anianalysis of the respondents' estimates of likely temperature 
changes by ytitudinal zones (Question II of Appendix A) indicates that 
global tempeteture fluctuations are expected to be far more pronounced in 
the polar regions than in low latitudes. In other wqfds, the poles are 
perceived as more sensitive to climate change. A number of the respondents 
judged that the poles may experience a change at least several fold larger 
than the global average (see Figure II 1-2). For instance, in the Large Global 
Cooling Scenario (0.3^ to 1,2^C cooler), the probability for a 1.0^ to 3,0" C 
cooling in the northern polar latitudes is 0.9, and 0.6 for a 1.0" to 2.0^C 
cooling in the northern higher middle latitudes. By contrast, northern 
subtropical temperatures are perceived to drop by only 0.0^ to I.O^C with 
probability 1. Similar observations about differential cooling in the higher 
latitudes hold for the Moderate Cooling Scenario (0.05^ to 0.3^C cooler). 
The question arises as to what extent such an increase Jn latitudinal 
temperature gradients could be a mechanism for greater year-to=year climatic 
variability. The views of several of the panelists are exemplified by one 
comment to the effect that while "a temperature change per $e does not 
imply increased climatic variability, there is some physical basis for saying 
that a general cooling would imply increased baroclinic instability and 
therefore increased temperature variability and vice versa/' 

The picture of increases in latitudinal temperature gradients that can be 
identified in the two cooling scenarios does not hold in the two warming 
scenarios. In the Moderate Global Warming Scenario (0.25*^ to 0.6° C 

warmer), the probability is 0.6 for a 1.0^ to 3.0" C warming in the northern / 
polar latitudes as compared to a probability of 0.6 for a O.ff' to CB^'C 
increase in the subtropical latitudes. In this scenario, as well as in the less 

likely Large Global Warming Scenario/ the perceived differential warming 39 
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Theso four graphs SLifnmari/R the dqqruyratoci responses to Question II of the climiite questionnaire. Depicted for the 
indicated ?one§ of latitude are the climatofoqi^ts* pr*obahilities of chanqe m iinnuat temperature by the year 2000. 
compared to 1970 75. For a qiv»}n /oni* of latitude and band of temperature, the vertical bars corrospond to the five 
climate scenarios as in Figure III 1. If the probability of a temperaturn change m a scenario is zero, the bar for that 
scenario is absent 
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reduces iatitudinai tempaMlturs gradients. Some pwelisti associated a 
reduction of thtsa gfidft^ts with a decreasa fn climatic variability. One 
respondent, quoted later at "great length, commented that "it leems 
intuitlvily rtisonabli'' that rtc^ctd latitudinal temperature gradients could 
cause 'Mess variibility duetto Daroclinic instabilities and blocking pressure 
patterns." As will be ^en later, thef^ferences about climatic variability^lesi 
variability In a warming reginie and more variability in cooling— are 
supporttd by-the climatologlsti' rtiponiei to other questions. 

Figure 111-3 provides a mort aggregated view of temperature chanfes by 
latitude. Here, the partitioning of thfr climatologists into the five scenarios 
has been ellmmatad. In each latitudinal lon^, the frtquency distribution of \ 
temperature changes is attributable to the Climate Panel as a whole lince the 
probability of, a given temperature change was calculated by multiplying the 
probability of that temperature change in each scenario by the overall 
probability of the scenario and summing the resulting products over the five 
'Scenarios. The flat and wide frequency^' distributions for the polar regions, - 
especially the Northern Hemiiphere, reflect the wide range of opinion and 
the high degree of uncertainty relative to the warming or cooling issue. As 
one moves from polar to subtropical latitudes, the probability density plots 
show a progressive decrease in temperature range and a correiponding 
peaking in the temperature intervals of li^le or no change. In the subtropics, 
the respondents* estimates in aggregate indicate a 0.6 to 0.7 probability that 
the temperature change will be less than O.B^Hp warmer or cooler than at 
present; in the lower middle latitudes that probability is only slightly 
less— 0.5 to 0,6. In the higher middle latitudes, estimates of temperature 
change fell within ± 2.0^ C, with a probability of about 0.45 for a change of 
less than 0,5" C warmer or cooler and about 0.75 that the change will be less 
than ± 1.0' C. j 

Several respondents commented that temperature chf^ges are likely to be 
somewhat less in the Southern Hemisphere than in'the Northern Hemisphere 
because of the thermal inertia provided by the proportionally greater ocean 
surface. Note that in Figure 1113 the temperature range in the polar latitudes 
is sqmewhat less for thS^ Southern Hemisphere than for the Northern. Also 
note that, as in FigQre 18 of Chapter I, the graphs for all the latitudinal 
bands in both hemispheres show a slight skewness toward warming. 
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GROWING SEASON 



Question X of Appendix A dealt with temperatureTelated parameters: 
changes in the mean length and variability of growing seasons in the higher 
middle latitudes during the next 25 years as compared to the present. It was 
one of the two questions that dealt directly with the subject of climate 
variability, in this case interannual variability in the length of the growing 
season. Numerical data from 15 panelists were processed for Question X. 

As can be seen from Figure 111=4, only in the Large Cooling and Large 
Warming Scenarios were there high probabilities (0.9 and 0.8,. respectively) 
for a "significant" change— 10 days or more— in the length of the present 
growing season. Moreover/ it was only in these two scenarios that the 
panelists perceived a large probability for a "significant"' change (25 percent 
or more) in the standard deviation of the length of the growing season; 0.8 
for an increase in variability under the Large Cooling Scenario and 0.7 for a 
decrease under the Large Warming Scenario. The aforementioned probabili = 
ties are ascribable to two climatolpgists who inclined to the extreme global 
temperature scenarios. 

With regard to the middle three scenarios, a majority of the panelists tended 
toward high probabilities (0.7 to 0.8) for no significant changes in the mean 
length of the growing season and its interannual variability. 

The following comments on tlie length and variability of growing seasons 
were made by two panelists disposed toward global cooling: 

The changes in the variability or standard deviations of temperature are a 
very clear function of both the double and the secular solar climatic 
cycles. The peak of temperature variahliity was reached in .1816 (the 
famous year without a summer, that blew both hot and very cold), t"e 
180 year counterpart of 1996, the Jow point on my curve in Question L 

I think it is mord likely that the presfjiU rneridional trend jn atmospheric 
circulatiofi ^with longer growing seasons) will fjrevail for a few years, to 
be replaced later on by a return to /onal circulation, with shorter growing 
seasons. Over the 25 year'-; thcj change micjht well even out. 

Another adherent of global cooling based fiis response on his curve for 
Question I and the "corres[)oncling n :f)E"}Ctations of chancje of frec|Ljency of 
blockintj and the iiicjh vai iaijility from year to yvm wliich t|oes witfi It." 

Two pantilists wfio tended towarcl ttie ''Sarni!" tjlotjcil temfierature sccjnario 
commented tfiat; 

i 

. the grf)v\in() season coiilr! incrf^iHe nortfi of 40' c^; -5 f)ro[iai)ly 43 
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Figure 



CHANGES IN HIGHER MID LATITUDE GROWING SEASONS BY THE YEAR 2000 
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little in 30'^=40 N. Anonujlios of spring and fall season are little known, 
but can be significant. 

Not knowing what is meant by ''f)rtisfc*nt," th^ qufc^stion'ls vague. Referring 
to Question I, it would ^|jperr^ that 25 years will encompass variations in 
both ,birections. ^ 

Quoted below are two adherents of global warniing: 

If one plots growing season vs. mean summertime temperature at 
mid'Continental stations (both of which vary with latitude), one can 
deduce a rule of thumb that a change of i 1 C corresponds to about ± 10 
days jn growing season. In 25 years the mean hemispheric temperature 
should rm^ cj[)out I X, and at middle and higher latitudes the correspond= 
ing change should be several times larger. Thus. I would foresee a greater 
than lO-dcjy increase'in growing season at middle and high latitudes. 

Consistent with a general warming to be anticipated with the CO. 
increase, which would be largest in the high latitudes, I anticipate a higher 
probability of a lengthened growiny season than that inferred from 
clirnatological averages. I doui^t that the ^nterannual variability oV the 
growing season langth would change by more than 25 percent but such 
changes as there may be are slightly more favored to be in the direction of 
a decrease than otherwise because the 00^ Increase itself^ might be 
expected to discoLjrage very low temperatures a bit more than now. 

Two other panelists stressed the difficulty of making any predictions about 
growing: seasons: 

Climate does not neces^riLiniy chancje in the same sense all along a parallel 
of latitude. This, added to the fact that we have no way of telling how it 
will change locally, makes it impossible to answer this question. 

In my view there is no statistically significant evidence to support a 
systematic chtinge of the growing season = There willp^be fluctuations, 
particularly on the short side associated with volcanoes, but they cannot 
be forecast. 

Notwithstanding the pan^'lists' collective uncertainty in Question X about, 
the growing^season manifestation of temperature variability, one can infer a 
tendency to associate groater variability of temperature with extreme global 
cooling and less VciriabiNty with extreme warming. A similar inclination to 
associate more varicibility with cooling and less with warming emerges in the 
fni lowing discussion on precif)itation. 
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PRiCIPITATION 



Quistions IV and V of Appendix A dealt respectively with Changes in the 
volume and variability of precipitation for three bands of latitude, (Question 
V and Question X, on growing seasons, \^ere the only 6nes "ttot directly 
addressed clinnatic variability,) The two questions on precipitation were 
unique in that they were couched in terms of conditional probabilities: 
panelists were asked for probabilities of change under the assumption of 
three given ranges of temperature changes over the next 25 years. 

The answers to both questions on precipitation have been summarized in 
Figure 111=5 to facilitate comparisons of the responses on precipitation 
.vokjme and precipitation variability. The respondent^' estimates of the 
probabilities of change in precipitation volume and variability indifiate a high 
level of uncertainty not only about the amount of the change but \n many 
cases even about the direction of the change; this is particularly true with 
respect to possible changes in interannual variability. Keeping this uncer- 
tainty in mind, the following cross=scenario and cross-latituc^e highlights can 
be identified. 



Changes in Precipitation Volume 

In Question IV the panelists were asked to provide probabilities of changes 
by the year 2000 in mean annual and growing-season precipitation relative to 
the ''normal" period of 1941 70. The thresholds for ''significant'' increases 
and decreases in precipitation volume were defined as t 10 percent. 

For each combination of global temperature scenario and zone of latitude, 
thfi fiighest probability was for no major change \n annual preeipitation (i.e., 
less than 10 percent change). The highest "no change" probabilities (0.6 to 
0.7) were found in the "Samf " Scenario; In other words,-those who opted for 
no major temperature changes were, expectedly, the most confident that no 
major precipitation changes would occur. But even in the extreme warming 
and cooiing scenarios, the aggregated responses indicated a probability of 
about 0.5 that the precipitation change would be less than 10 percent. 

The aggregate respqnses of the panelists suggest that the highest probability 
(0.3 to 0.4) for an increase in annual precipitation would occur under a 
warming scenario, especially in the higher middle latitude and subtropical 
zones. Conversely, a decrease in precipitation was associated with the cooling 
scenarios. A number of respondents commented that this pattern seems 
reasonable, based on analogs of ^previous warm periods, as well as 
precipitation results from limited numerical experimentation with general 
atmospheric circulation models. But many panelists also noted the limited 
scientific basis for assessing the probabilities of precipitation changes under 
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CHANGES IN PRECIPITATION AND PRECIPITATION VARIABILITY 
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alternative temperature scenarios. One panelist stated; "A careful answer to 
this question would require a detailed statistical study. Such a study could 
and should be done. To my knowledge it has not been done/' 

To summarize, amid the indications of collective uncertainty about the 
volume of annual precipitation, there was some tendency to associate 
significantly increased precipitation with the two warming scenarios and 
significantly decreased precipitation with the two cooling scenarios, 
except in the lower mid^latitudes, which exhibit a different pattern. In the 
latter zone, the probabilities of significant decreases were about 0.2 in each 
^ scenario, (In the other two bands of latitude, these probabilities show a 

regular diminution as one goes from large cooling to large warming,) Also, in 
the (lower mid^latitudes there were somewhat higher probabilities of 
signrficant increases for the two cooling scenarios than in the other two 
zone^ of latitude. 

The results on growing- season precipitation changes were similar to those for 
annual precipitation except in the lower ^ mid-latitudes again. For these 
latitudes, the probabilities of significantly decreased precipitation are low 
but increase monotonically in going from large cooling to large warming, 
^ reaching 0,3 in the latter scenario. This unexplained behavior is the reverse 

of that for annual and growing^season precipitation in the other two zones of 
latitude. 

For all five scenarios, the pattern of annual and growing^season precipitation 
probabilities is markedly similar in the subtropical and higher middle 
latitudes. If the departure of the lower mid^latitudes from this pattern is real, 
that^vs, if it reflects a tendency of nature to maldistribute changes in 
precipiration, then it may have some bearing on the question of precipitation 
variability. 

Changes in Precipitation Variability 

A number of prominent climatologists have stated that world weather 
patterns in the near future are very likely to be more unstable, more variable 
from year to year, or from one short period of years to the next. In an 
attempt to get sxjme probabilistic estimate of \likely changes in precipitation 
variability, the panelists were asked in Qu^'Stion V to provide, under 
7 alternative assumptions of temperature chang^, conditional probabilities of 

changes by the year 2000 in the standard deviation of annual and 
growing^season precipitation in t^^ree bands ot latitude. The threshold for a 
significant change in variability was 25 percent of the standard deviations 
associated with the past 25 years. 

^ It should be noted that many of the panelists again commented on the lack 

of sufficient actuarial experience, comprehensive theories, or adequate 

48 



7. 



SCENARIOS & PROBABmlTlES 



models to support their estimates. Given this caveat, the aggregate responses 
of the panelists indicated a relatively high probability (mostly on the order 
of 0,5 to 0,6 with a range from 0,4 to 0.7) that the change in the standard 
deviation of the mean anriual precipitation/ wouid be less than 25 percent, 
irrespective of temperature trends. The s^^ond highest set of probabilities 
(on the order of 0.3 to 0.4) was assigned to a significant increase in 



precipitation variability under conditions of large cooling. The probabilities 
of significant decreases in variability do not exceed 0.2 except in most of the 
warming cases, for which they rise slightly but still remain less than 0,3, In 
the two warming scenarios, significant ihcreases and significant decreases of 
precipitation variability are nearly equiprobable in the range of 0.2 to 0.3. In 
the two cooling scenarios, by contrast, the probabilities wr significant 
increases of variability are higher than those for significant decreases by a 
factor of T5 to 2,0, but these probabilities are all less than 0,4 except for 
one case (growing^season precipitation in the subtropical latitudes). 

Within each scenario, latitudinal differences in the probabilities of annual 
precipitation variability are negligible. In the case of grow/ng-season 
^ precipitation, the probabilities for significantly increased variability grow * 
slightly l^ger with descending latitude in each scenario, while the smaller 
probabilities for significantly decreased variability are about equal across the 
\ , zones of latitude in each scenario. 

» Comparing the variabilities of annual and growing-season precipitation, one 
notes slightly higher probabilities for significantly increased variability of 
growing-season precipitation in the lower rnid-latitudes from scenario to 
scenario. The same tendency is more marked in the subtropical latftudes. 

The only obvious correlation between precipitation variability and trends in 

the volume of precipitation is a tendency to associate greater variability with m 

the perception of decreased precipitation in the two cooling scenarios. There 

is a weaker tendency to associate decreased variability with increased 

precipitation in the two warming scenarios. These tendencies are manifested 

visually by the fact that the plots of the probabilities for changes \n annual 

precipitation volume and variability are approximate reflections (mirror 

images) of each other in the three zones of latitude. This mirror-image 

relationship exists to a lesser degree between the plots for changes in 

growing-season fDrecipitation volume and variability. 

The collective uncertainties about precipitation variability that are apparent 
in the panelists' data are also evident in the verbal comments on Question V, 
Below are some paraphrases of these comments, which run the gamut of 
what CO u I d ta e sa i d a ta ou t v a r i ab U 1 1 y ; 



• Less variahil ity with warming 

• More variability with cooling 

• More variability, regardless of teiiipGrature cheintje 
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• No radical changis expected 

• No cause to believe anything about change in the variability ' of any 
meteorological element 

Following are a few extracts from the actual comments about climatic 
variability in general and precipitation variability In particular. The first 
comment is by a panelist who said he had no basis for predicting even global 
temperature trends. 

A temperature change par se does not imply increased climatic variability. 
There is some physical basis for saying that a general cooling would imply 
increased baroclinic instability and therefore increased temperature 
variability and vice-versa. On the other hand, one might also expect 
general cooling to be associated with less atmospheric water vapor, a 
weaker hydrologic cycle, and reduced precipitation. 

The proposed associations between changes of temperature and of 
precipitation variability are difficult areas, on which the necessary 
knowledge is further from adequate than with the preceding questions. 
This produces the wide spread of probability assessments which I give for 
the higher middle latitudes. It may wsrf be that the phasing of 
precipitation variability is more closely correlated' with the periods of 
changing temperature than with the periods after a temperature anomaly 
has been established; if so, the precipitation variability is probably 
generally greatest during cooling periods and least during warming periods. 

The argument concerhing van^ility over time derives primarily from the 
suggestion that variability seems to have been larger during periods of 
climatic deterioration, i.e., colder . . . Since my inference is for tempera- 
tures as warm, or warmer, than now by 2000, the precipitation variability 
should not tend to increase. Precipitation variability is likely to increase 
overail in association with decreasing amounts, especially for convective 
regimes. 

There seems to have been less variability during the 1945-60 period when 
it was warmer than average, but I do not know whether this can be 
attributed to the temperature regime or not, It seems intuitively 
reasonable that a decrease in the equator- pole temperature gradient could 
cause a more "summertime" condition and less variability due to 
baroclinic instabilities and blocking pressure patterns. 

. . . decreasing temperature trend will bring more variability, so the next 
25 years in rnid latitudes should be noticeably more variable than the last 
25, In the subtropics fjrobably not as much. 
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The 1940^1970 period was unusualjy uniform in the,perspective of the last 
century. There is thus a high probability of mor^' variability regardless of 
temperature change . . . 

, , . I do not expect any radical changes. The variability is induced by 

extreme events. A single tropical storm rilnfall influences standard < 

deviations for a considerable intervaL 

. . . The standard deviation may not be a very good estimate of the sort of 
variability that might have practical implications. For example, proba^ 
bility of certain extreme events might be more important. 



DROUGHT AND MONSOON FAILURE 



The last comment in the preceding section suggests the examination of 
certain extreme events=-drought and monsoon failure— in the context of 
climatic variability. Questions Vl, Vlll, and IX of Appendix A were 
concerned with mid latitude drought, Asian monsoons, and Sahelian 
drour' ^^n^ctively. In addition, Question VII (Outlook for 1977 Crop 
Ye<' I juantitative perceptions of the persistence of drought in the 

Unit (see Appendix B)^ 

Mul a ^evere droughts do not lend themselves to discussion in strict 
terr r tnterannual climatic variability. Nevertheless, in a broader sense, 
drc and monsoon failure are indicators of climatic variability insofar as 
the\ jre manifestations of spatial and ternfiora! fluctuations in precipitation. 



U. nd Other Mid^Latltude Drought 

The approach in Question Vl was to ask the panelists for probabilities of the 
frequ^'^ncy of drought in the United States and other rnid-latitudes. 
"'Dro .it" was defined on a one- year basis in terms of crop yields: "A 
combination of temperature and precipitation over a period of several 
months leading to a reduction in yield of the major crops to a level less than 
90 percent of the yield expected with temperature/precipitation near the 
long-term averaqe values/'" "Frequent" drought was defined as "similar to 
early to mid-1930's and early to mid 1950's, " "infrequent" drought as 
"similar to 1940's and 1960's," and "average" drought as "similar to the 
frequency ovur the longest f period of record available." Judgments on the 
occurrence of drought were asknd fur each of the time periods 1977 80, 
1981 90, and 1991 200C. 



notut] tfi rho footnort^ to QunstiDn VL thnin is silfTmst un infinitn nurnhnr uf 
fjefinitions of (Iroiiqht, non*' f)f whtf;h i\n) finmnh'ffHy ^Ht(?f.ir rnry. 51 



^-1 



SCENARIOS & PROBABILITIES 

Figure III 6 
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it) 1 HjfH (LcJrqf? Wfii mincj) cof f p^funn I \o \hv fivo nhiTidtc? snt'nnnns- For ene:h fiCCMitino ^fui timt? put locL th«? probnt)tli tM?s 
of '^frf?f jiHMit" iMul "ififf rtjUHnt" dteUHjhi du^. c]iV(Mi, ri'^pi'CtiviHy, Isy \\m> tioiqhts of fh(? Jownr Vmr hmc] th(^ upfmr t).i! . 
Tfio huiqfit of tfi*? f)lnnk sp.icr [);'tw^'''n tlu^v? two thin ni<?ciSUff;s tfu? [srut^fifnlity fsf "nvnrnqn'* clrnucjfU. 
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SCENARIOS & PROBABILITIES 



Analysis of the panelists' probability estimates (Figure 111=6) of the 
frequency of drought occurrences in the United States during the next 25 
years sunnests fairly strnnn support— althounh by no means unanimous— for a 
quasi^20-year ^periodicity, but the cause of this periodicity was clearly in 
dispute among the panelists. Thus,, in all the scenarios the probabifities of 
''frequent" U.S, droughts are fairly high (0,5 to 0,7) for the first and third 
periods-1977-80 and 199V2000, By contrast, the combined probabilities of 
"average" and 'Infrequent" U.S. droughts are high (0,6 to 0,8) in the 
intervening 1981-90 period^>sexcept in the Large Warming Scenario, One 
panelist who strongly support^ this scenario gave for each of the three time 
periods probabilities of 0.6 to 0,7 for ''frequent" U,S. droughts, reasoning 
that 4,000 to 8,000 years ago "when the earth was generally a few degrees 
warmer than now , , . it was markedly more rainy in the subtropics and also 
rainier at mid=!atitudes in some regions but drier in others. It is notable that 
in the central United States, in the lee of the Great Divide, it was generally 
drier and the prairie extended nearly to the Appalachians/' 

For mid^latitude regions other than the United States, data on the expected 
frequency of drought are incomplete, and the responses suggest more 
uncertainty and somewhat less support for the quasi^20=year periodicity than 
was evident for the United States, The explanatory comments by some of 
the panelists specifically noted that the pattern of repetition is not the same 
for all mid-latitude regions. Looking at the probabilities for the terminal 
1991-2000 period (Figure 111=6) one sees an association of more frequent 
droughts with the two cooling scenarios and a slight tendency toward more 
infrequent droughts in the Large Warming Scenario, These associations are 
consistent with and ^somewhat stronger than the previously discussed 
perceptions that globat cooling will teTTd to be accompanied by drjer 
conditions and greater precipitation variability, white global warming will 
tend to be accompanied by the opposite precipitation conditions. 

Below are some of the panelists' comments on the estimation of drought 
frequency in the United States and other mid^ latitude regions. These 
comments reflect considerable;' credence in cyclic droughts, but not 
necessarily in a connection of the cycles with solai'^-^ctj^>^y. 

... I am not convinced that a solar drought effect has been demonstrated, 

, . , I think that the evidence is mounting that there is a 22=year cycle in 
droughts and that it is related to sunspot activity. However, predictions of 
the relative i i tensity and regional distribution patterns Me beyond our 
scientific knowledge. 

While I do not [jelieve thcU sunspots are related to drought, there is a 
statistical behaviar of drought thut suggests a pnttern of repetition . . . 
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Droughts seem to be related to solar influences . , . Power spectrum 
analysis shows a very notable 22'year rhythm and a weak one near 11 
years, y 

. . J feel confident in saying that the risk of drought in the mid=latitude 
tends to wax and wane quite appreciably in a 20'year cycle. This 
judgment on my part is the basis for the rather wide swings of probability 
shown in the table ... 

The 20-year periodicity seems to be a well-documented climatic feature, 
not only as to Midwestern U.S. droughts, but also in North Artierican 
winter temperatures, English summer temperatures, and polar tTiean 
temperatures. The expected warming towards the end of the century 
would seem to increase the probability of drought. 

. . , The evidence seems to suggest that there Is some rough 20= to 22-year 
periodicity in droughts in various parts of the High Plains, but that both 
the length and location of these droughts varies considerably , , , There is 
less known about the periodicity in other locations than the High Plains, 
and in fact, the whole issue of 22-year drought may be nothing more than 
a statistical coincidence at one location on earth, I do not believe that the 
sunspot hypothesis is demonstrated, because there is insufficient physical 
and statistical evidence to lead to that certainty. Yet, I think it is 
intriguing and one that requires considerable persistent study to look for 
possible causal links. 

There appear to be quasi-periodic recurrences of drought in Ynany 
mid^latitude areas-U,S. High Plains, 20 years and South Africa, 20 
years—o I though physical expl ana t ions are not yet forthcoming. 

I am extrapolating the 20 to 25-year cycle in spite of the fact that we do 
not understand it (and I do not subscribe to the sunspot theory) . . . 

Other panelists alluded to specific mechanisms and other factors as the bases 
for their probabilities of mid= latitude droughts: 

... I would assume that a strongly meridional circulation would continue 
into part of the 1980's, bringing few droughts to the United States and 
mc i other niid=latitudes. By the1990's, the circulation may well revert 
to zonality, with more frequent droughts in the United States and 

fewer ufoughts in the more zonally patterned regions, e.g., Europe, USSR, 
and China. 

I carifiot put fne^afiinyful figures here witfiout making latitude, meridian, 
and recurrence distinctions, i.e., your term ''frequent" applies rather to • 
r(^M:urrent porsiste^e m certain regions (e,g., our Midwest) but at the same 
tifrie persistent alo^ncn in other roginns (e.g., our East Coast). In Nortfi 
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America, drought prevalence correlates highly negatively between East 
Coast and Central Plains by decades. 

The quasi-20-year periodicity (which I do not think at.tributable to the 
solar cycle) is treated as best established and most important in the United 
States. In the United States, as elsewhere in middle latitudes, the drought 
frequency seems to me likely to remain higher than in the early part of 
the century owing to a longer-term increase of "blocking'' frequency, 
which I associate with the present tendency of the natural climate towards 
Northern Hemisphere (and low latitudes) cooling. 

Two panelists who did not furnish numerical estimates for Question VI mnde 
the following comments; 

I have no way of estimating the frequency of droughts except frpm a 
frequency distribution, which varies from one region to another. 

I know of no basis for answering the question. Certain statistical facts 
could be determined from papt records, but to my knowledge this has not 
been done. It could most easily be done for tb=e-l3SA anc Europe; data 
elsewhere may be hard to assemble. The Statistics.. . . would give an 
"average" drought frequency (^and range) but Would pfpr^ide no basis for 
cj^ifferent estimates in the three [time] periods. \ ' | 
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Sahelian Drought and Failure of Asian Monsoons 

Questions VIII and IX, on Asian monsoons and "drought in the Sahel, used 
the san1e approach as Question VI (Mid-Latitude Drought), with appropriate 
changes in the definitions of "frequent," "average," and "infrequent." 
Monsoon failure and Sahelian drought were implicitly defined in tarms"*of 
the reference periods used to specify the three levels of frequency. About as 
many panelists provided numerical estimates on the Sahel as did on 
mid=latitude drought, but fewer responded on monsoon failure. One panelist 
who did venture an estimate on monsoons -commented that "for other than 
monsoon scholars, this is a real guessinq qarne." 

In Figures 1 1 1-6 and III 7, the panelists' probability estimates of the 
frequency of drought in the Sahel or failure of the Asian monsoons do not 
show the periodic pattern that was indicated for the United States. In 
general, the panelists' comments on Questions VIII and IX reflected a 
consistency with their rationales for responbus on other climatic elements. 
Thus, one sees, uspucially for the 1991 2000 period, the previously noted 
general tepidency to associate dry and more variable ("frequent" Sahelian 
d ro u g h t s and monsoon failures) with cj i cj [:)a I cooling, and a M/e a k e r te n d e n cy 
to associate wet and less variable ('-infrequent" Sahelian droughts and 
monsoon failures) with gloiial warming. These genera I i /at ions about Figures 
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Figure 111'? 



PROBABILITY OF MONSOON FAILURE 
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l^phs summartze the aggregrated responses to Question VIM (Aiian 'Monsoons). For each time period,, the ver- 
tical bars reading from left (l!arge toaling) to right (Large Warming) coEreipon^ to the five climate scenarios, ^or each 
scenario and .time period, the probaMttes of ^'frequent", "infrequent*', and ''average'' monsoon failures are displaved 
in the format ;0f Figure 1 1 1-6. i 
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lihB and 111-7 are subject to obvious exciptions and to almost complete 
uncertainty In the Moderate Warming Scenario, In this scenario^ there were i 
either insufficient data to warrint processing or virtually equal probibilities 
for ''frequent^' "averagi/' and *Mnfrequent*' occurrences of Sahelian 
drought and monsoon failures. 



C0I4CLUSI0NS ON CLIMATIC VARIABILITY < 

\ \ 

The five climate scenarios and aisociated data in Chapter II bear out and \ 
partially quantify climatolo^ists' conflicting perceptions of global tempera- 
ture and precipitation trends. Less evident is the degree to which the climate 
scenarios and data support the more commonly accepted view that the edrth 
may be in for a period of increased climatic varjability, whatever the 
temperature trend, * . 



Given the dWmate panelists' diverse comments about variability and some 
tendency to^^ssociate greater variability of precipitation and length of 
growing season wi^ global cooling, but less variability with warming, it 
cannot 1^ said that .the responses to the climate questionnaire corroborate 
the existence of general agreement about the onset of increased climatic 

variability. As partial reflections of the panelists' perceptions of future * " ' 

climate, these data could not provide direct, quantitative evideBce of 
tncreasing climatic variability. The direction and magnitude of trends are 
obviously in dispute. The nature and extent of future climatic variability are 
more obscure and hence less amenable to quantification. It may be that the 

panelists were unaccustomed to thinking about variability in terms of the / 

standard deviation (for which, in any case, historical data are not generally 

available). On the other hand, the cutjoffs for a '*signif leant'' change in 

variability (±25 percent of the standard deviation) may have been too high. 

That is, a lower cutoff might have elicited higher probabilities of still 

significant variability , i 

One climatologist who reviewed the climate scenarios has an interesting 
conjecture about the tendency of the panelists not to predict significant 

changes in climatic varipbility. The conjecture is that some respondents may ^ ■ 

perceive that the world has already entered a period of increased variability, ■ ^ 

and, for that reason, do not expect any further major increase in the next 25 

years. This conjecture r^y be tenable for Question X on growing seasons, ^ 
where the panelists were\o compare future variability with that of the - 
"preserit/' It is less tenabl^for Question V on precipitation variability, 
^ where the climatologists werf asked ro reference their estimates to the 
previous 25-year period. 
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^ ■ 
One pinillst pointed out thi importance of diitinguishing climate viriability 
. and fluctuations with rtsptct to'different time icales: 

There are two pirtinant time ranges of variability, between ' weeks, 
months, and saaions within the year (like the temperature and rainfall 
extreme variations of the past year^severe droughts of a season or two, 
reversing the next year, what I call hit-and-run droughts, which pertain to 
shifting of the wave pattern in strong zonal circulation), and long-term 
droughts over periods of years (like our Midwest droughts of the1930's 
and 1950's which go with weak zonal circulation or strong blocking 
patterns— strong nonseasonal systems— persisting from year to year). I feel 
that at the present time the westerlies are shifting from the higher middle 
towards lower middle latitudes, bringing with them more of the 
^temporary but severe hit-and-run type of drought and |iveri cold 
(probably early and late kifling frosts), whereas the higher middle latitudes 
(particularly Canada) from which the westerllei are being displaced, and 
the subtropical latitudes (from which the subtropical high tends to ^ 
displace the tropical easterly rainbelt) are likely to suffer Increased 
incidence of the long-term type of drought and cold (Canada) and heat 
(subtropics). Thus, I find Question V hard to answer, but I have done so ' 
specifically with respect to the short-term month-to-month type of 
variability, the hit and-run variety which i^eflected in the length of the 
growing season. 

Another respondent questioned use of the standard deviation in certain 
areas: 

^ The standard deviation is not an adequate measure of variability where 
there is zero or near zero precipitation. In semi-arid climates (and much of 
the world's grain fields have a semi-arid climate) the frequency eUstribU^ 
w ^ tion dkMhe precipitation is very skewed . . .and other measurtfs,^ -e.g.. 
Maunders index of variability should be used. 

Along this line of using other measurei to get more directly at the impact of 
climate fluctuations, one recalls the panelist who commented (page 51) that 
the probability of certain extreme events might be more important than the 
s standard deviatron In estimating the sort of variability which has practical 

implications. The latter panelist also pointed out a serious difficulty in 
' dealing with any aspect of future climate by observing that "future climatic 

changes, especially if related to human activities, need not follow the same 
probabilities as in the past/' 

Given the generally accepted econon^, social, and political importance of 
climatic fluctuat^ns and variability, aa&itional efforts should be made to 
develop methoctologies that can quantify climatologists' perceptions of past, 
current, and future climatic variability. Such efforts coul^ shed light on the 
^research needed to clarify what nature will do, as contrasted to what certaifi 
58 experts believe it will do. 
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CLIMATE QUESTIONNAIRE 



f 

INSTRUCTIONS FOR QUESTIONS 

A. Attached is a set of 10 major questions, some of which have several parts. The timespan for 
the questions varies f^pri the relatively near term (the outlook for the 1977 crop leaion) to the 
climate by the end pf this century. All individual answers will be held in strict confidence. The 

, aggregation and quantitative analysis of the responses will be made available to all fiarticipants and 
will be included in the final report. 

We would appreciate your answering all of the questions in their present form. Your subjective 
responses may be used to generate another set of questions and to build a set of future climate 
scenarios. If, in reviewing and answering these questions, you feel strongly that a particular question 
should be rephrased or additional questions included, you are invited to add your comments or 
additional questions on extra pages. 

B. In questions referring to latitudinal belts, the following definitions apply: 

POLAR latitudes ^i*. 65 ^ to 90' 

Mi DOLE latitudes 30' to 65' 

\ =Higher middle 45'to65' 

— Lower middle 30'to45\ 

SUBTROPICAL latitudes lO^ toSTS^ 

C. For each of the 10 major questions, using the self-rating definitions provided below, please 
indicate your level of suj^tantive expertise. 

D. Please identify those other respondents whom^you would rank as EXPERT (5) or QUITE 
|AMILIAR (4) in responding to each of the questions. 

Guidance for seif^ranking expertise: 

(5} EXPERT— You should consider yourself arf^xp&rt if you belong to that small community 
of p^iple who currently study, work on, and dedicate themselves to the subject matter. Typically, 
you know who else works in this area; you know the US and probably the foreign literature; you 
attend conferences and seminars on the subject, sometimes reading a paper and sometimes chairing 
the sessions; you are most likely to have written up and/or published the results of your work. If 
the National Science Foundation, National Academy of Sciences, or a similar organization were to 
convene a seminar on this subject, you would expect to be invited, or, in your opinion, you should 
be invited. Other experts in this field may disagree with your views but invariably-respect your 
judgment; comments such as ''this is an excellent person on this subject" would be typical when 
inquiring about you. 
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INSTRUCTIONS FOR QUESTIONS (Continued) 

(4) QUITE FAMILIAR— ^ou are quite familiar with the subject matter either If you were an 
expert some time ago but feel somewhat rusty now because other assignments have intervened (even 
though, because of the^revious interest, you have kept reasonably abreast of current developments 
in the field); or if yoii^re in the process of becoming an expert but still have some way to go to 
achieve mastery of the subject; or if your concern is with Integrating detailed developments in the 
area, thus trading breadth of understanding for depth of specialization, 

(3) FAMILIAR— ^ou are familiar with the subject matter if you know most of the arguments 
|dvanced for and against some of the controversial issues surrounding this subject, have read a 
substantial amount about it, and have formed some opinion about it. However, if someone tried to 
i^in you down and have you explain the subject in more depth, you would sgon have to admit that 
your knowledge is inadequate to do so. 

(2) CASUALLY ACQUAfNTED-You are casually acquainted with the subject matter if you 
at least know what the issue is about, have read something on the subject, and/or have heard a 
debate about it on either a major TV or radio network or an educational channel, 

(1) UN F AM I LI AR =-you are unfamiliar with the subject matter if the mention of it 
encounters a veritable blank in your memory or if you hava heard of the subject, yet are unable Xh 
say anything meaningful about it. * ' 
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I. GLOBAL TEMPERATURES 



CLIMATE QUESTIONNAIRE 



Shown below is a historical record of changes in the annual mean temperature during the past 
century for the latitude band, 0-80°N, 




On the graph shown above, indicate your estimate of the general future course of the change in 
mean annual temperature (for 0 80" N.LatJ to the year 2000 by; 

— drawing a temperature change path to the year 2000 so that you estimate only 1 chance 
in 10 that the path could be even lower 

— drswing a change path to the year 2000 so that you estimate an even chanjte that the path 
could be either lower or higher 

" drawing a change path to the year 2000 so that you estimate 1 chance in 10 that the path 
could be higher 
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I. GLOBAL TEMPERATURES 

In tht space below, state your line of reasoning for the family of lines you have drawn, 
rtferencing if you wish, articles you or other Kientists have written that clearly state your position 
on this subject* 




t 



• Using the self^ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question. 

• Again using the self ranking guide, please identify ^those other respondents whom you 
would rate as ''expert (5)" oj 'V|uita familiar (4)" in their answer to this particular 
question. ^ 

EXPERT (5) , QUITE FAMILIAR (4) 
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lU T^MPiRATURE 

Please fiJI in each block of the matrix below with your estimate of the probability of the 
change (°C) '^;'the annual temperature by the year 2000, as compared with 1970-75, for the 
regioni shown. 



. .... . . .__ 

PROBABILITY TEMPERATURE CHANGE l°C) 







Coo 


ling 


''No Change" 


Warming 


Total 

Probability 






More than 
1.0' 


O.B'^'to 


O Mo 0.5 '^ 


O^toO.5'^ 


0.5^ to 
1.0" 


More than 
1.0" 








Cooler 


Cooler 


Cooler 


Warmer 


Warmer 


Warmer 


i 


No 


. Hem, polar latitudes 


" "* - 












1.0 


No 


Hem, hiqher mfri latitudes 














1.0 


No 


Hem. lower. _mtd latitudes 












— — 


1.0 


No 


Hem. subtropical latitudes 














1.0 


So. 


He)^. subtropical latitudes 














1.0 




1 












' 1^*-^^ — ■ 




So. 


Hem. lower 'mid latitudes 














1,0 


So. 


Hem. higher mid latr^udes 














l.t) 


So. 


Hem. polar latitudes j 














.1.0 



'*lf you judge that there is a signiftcant firobability that the temperature change in some latitudinal belt may 
exceed 1.0° (either cooler or warmer)^ please ifidicate the level of change expected along with the probability 
estimate. 
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II. TEMPERATURE 



• For the preceding major question, please state the line of reasoning for your response, 
adding any amplifying remarks as you desire, or referencing articles you or other 
scientists ^ave written that state your position on this subject. Please use the space 
provided below or a separate sheet. 



Using the self-ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question. 

Again using the self ranking guide, please identify those other respondents whom you 
would rate as ''expert (5)" or "quite familiar (4)" in their answer to this particular 
question. 

EXPERT (5) QUITE FAMILIAR (4) 

S 
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s 

ilL CARBON DIOXIDE, TURBIDITY, AND CLIMATE 

Carbpn dioxide, atmospheric particles, etc., have different effects on the atmosphere and do 
not have the same relative importance in their influence. Indicate the relative weight (using 
percentages) of each of the factors identified^elow in influencing global climate over the next 25 
years. ^ ^ 

Relati\/e Weight 
(Percentage) 



A. Carbon Dioxide 

B. Fluorocarbons and other gases 

C. Smoke 

D. Volcanic dust 

E. Other Particles (aerosc 



I 

S. 



Sum: 100% 
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CLIMATi QUiSTIONNAIRE 

IIL CARBON DIOXIDE, TURBIDITY, AND CLIMATE * 

• For the prectding rnajor question, please state the line of reaioning for your response, 
adding any amplifying remarks as you desire, or referencing articles you or other 
scientists have written that state your position on this subject. Please use the space 
provided below or aVeparate sheet. 
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Ufing the self-ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question. 

Again using the self-ranking guide, please identify those other respondents whom you 
would rate as ''expert (5)" or ''quite familiar (4)'* in their answer to this particular 
question. 

EXPERT (5) QUITE FAMILIAR (4) 



/ 
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• ' CLIMATE QUESTIONNAIRE 

IV. ' PRECIPITATIGtf* . ' 

1. Under the alternative assumptions of a temperature change as shown, please fill in each 
block of tli« folJowing matrix with your estimate of the probability of change in the mean annual 
precipitation byWie year 2000, as compared with the 1941-70 ''normar' pattern, for^the' regions 
shown. 1 * 

2. In your Judgment, would these ^obability estimates be equally as valid for growing season 
precipitation as for annual totals? (yes □; no □) If not, please indicate the^propriate probability 
estimates for changes in growing season precipitation, 

3. In many parts of the earth the annual isotherms and annual isohyets tend to run^arallel to 
ea#i other/ In North America, however, as Newman and Pickett dpscribe in a 6 Decimber 1974 
Science article, the effect of the Rocky Mountains range causes the annual isotherms and isohyets 
to run at approximately 90^ to each other, particularly in the midcontinental grasslands region. (See 
their map, below j South America is similar to North America in this respect due to the Andes. 
Newman and Pickett note that; 




r 



In terrns^ of agricultural production, 
these climatic features give an advantage tg 
the New World continents. The mean annual 
isotherms and isohyets, because they are not 
parallel In the vast grassland climatic areas of 
the Americas, allow a favorable water balance 
to be extended over very broad areas in the 
north-south direction. Also, they allow for 
agricultural production areas to be less 
stratified in a north-south direction than they 
are in the Eurasian continent, and ensure 
against a slight mean sBasonal shift in the 
prevailing westerly flow; thus, they reduce 
climatic risk. 



Woul^ these characteristics of the Western Hemisphere region Significantly alter your estimates of 
probability of precipitation change as given in parts 1 and 2 above? If your estimates for North and 
Sqj/th America are significantly different fcorp those of the broad latitudinal bands, please indicate 
the magnitude of these differences in the comments at the end of this question. 



PROBABILITY OF PRieiPITAtlON CHANGE 




*!f you judge that there is a significant probability that the precipitation change in somg h 
10% (increase or decrease), please indicate the level of precipitation change expected alo^ wi 
estimite; also, If the temperature change assumed exceeds 1 .0'^C. please so indicate. 



bell may exceed 

th th^ probability • . 
4* 



CLIMATE QgiSTIONNAIRE 



IV. PRECIPITATION ' , )V ' ' " / •' / 

- • For the preceding major question, please state the line of reasoning for your resppnie, 

' addlrrg any implifying' femarks as you deilre; or refarencing articles you /br pthiF 

' ^ icieritisti Have written 'that state your positron on this subjecl Please use Ihe spice 

♦ ^ provided below or a separate sheet / *f . ; i ^ ... -J- " 
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J Using the self-ranking definitions provided in jhe Instructicin5,^a^e Indicate your level 
^f substantive expirtise on this major question, ^ / 

Again usmg^he self rankirig guide, please identify those otfier/respondents whom you, 
would rate as ''expert (S)'Vor ''quite familiar (4)'' in their answer to this particular 
question. ^ ' / 



EXPERT (ff) QUITE FAMiyiAR (4) 



r 
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' ^ ' CLI^MTE QUESTIONNAIRE J 



V. PRiCrPlTATlON VARIABILITV ^ 



i 



j^The report of ^ climate/food confergnce in BeMagio, Italy, hh June 1975 Includei this 
^titement: ^ ' ' , 



... . Temperature Mhange per se /s r^ot the most ^rious poieritlal 
^ climatic threat to food production There Is a p^iblity that, 
associMted with the tempef[ature changes^ there will be increased 
climatic variability!^ Particularly ,,a^ such variability increa$e$ the : 
fluctbations of precipitation, it poses threats to agricultural 
\ production. - ' ^ ^ 

^ The climatologists particlpatfrig in the conference agreed that: 

h Climatic variabiHty--region by region and from year to year 
in pafticular regions--is 'and will cont^Me to be great, reiulting In 
substanti&f- variability in crop yields In the face of increasing global 
food needs and short supplies; 

2. There Is some cause to believe^although it is far from 
certain— that climatic vartabillty in the remaining years of this 
century wiJI be even greater than during the 1940-1970 per^^ - " ' 4 



1. Under the alternative asaumptions of temperatufe change as shown, please fill in each block 
of the matrix below with your probability estimate that the standard deviatfon of the mean annual 
precipitation will change by the indicated amount over#ie next 25 years, as compared with the 
average for the previous 25-year period^ • 

2. In your judgment, would* these^robability estimates be equally as valid for variability in 
growing season precipitation as for annual totals? (yesD;non) Jf not, please indicate the 
appropriafe probability estimates for changes in variability of growing season precipitation. ^ 

= 3. As noted in part 3 of Question IV above, mountain Vangfes in North and South America 
cause the annual isotherflns and isohyets to run at approximately 90° to each other in major regions 
of these continents. If, because of these characteristics, your estimates of the probability of change 
in precipitation variability in North and South America are significantly differerit from thosd of the 
broad latitudinal bands, please indicate the magnitude of these differences in the comments at the' 
end of this question, \ . ^ ' ' ' T 
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CLIMATE QUESTIONNAIRE 



PROTi^^piLITY OF CHANGE IN PRECIPITATION VARlABrLITV 
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If you judge that there is a significant probability that the change In standard deuktion may sKjeed 25% 
(jncrease or decreasg), pleasa indicate the level of the change expected alon^ with ffie probabirity estimate; 
^also, if the temperature change assumed exceeds l.O^C, please so indicaie. * 



, CLIMATE QUEStlDNNAiR^^ 

PRECIPITATION VAmABILIXY ^ ' 1 

• . Far the preceding major question, pleaie itate tht Ifne of reaioning for your fespdnse, 
^ ^ asdlng any irnplifyin^ rsmarki as desire, or referencing articles you or fittter 
scientists have written that state your position on this subject Plea^ use the space 
provided below or a separate sheet ; 




Using the self-ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question, . 

Again using the self-ranking guide, please identify those other respondents -whom you 
would rate as "expert (5)'' or , "quite familiar (4)'' in their answer to this particular 
question. ; 

EXPERT (5) QUITE FAMILIAR (4) 




CUIMATE QUESTIONNAIRE 



VI. MID-LATITUDE DROUGHT 

At a 1975 climatic change sympoiiuori at theiUniversity of North Carolina, Hurd Wil^tt briefly 
described the drought pattern of the 1930-1970 period as follows 



ThB^ watm decade of the 'thirties witnessed th& mo^Jsevere 
droughts of the century, in the early to mid-thiritips, in many regions 
of the 3^ 'SOP latitude belt, notably the dust bowl In our western 
plains, the Russian droughts that triggered liquidation of the KulaJcsy 
severe drought in southern Australia, and in other parts of the world. 
i\iote that these droughts occurred in msrginal midcontinental as 
opposed to east coastal regions. 

The forties were in general a decade of generous rains in the 
drought regions of the thirties, but with tendency to substantial 
deficiency in east coastal regions. . ^ 

The early to mid-fifties, like the thirties, 'were a markedly dry 
period in^ the marginal interior continental regions, notably the 
American southwestern plains. Severe drought ^was restricted to 
latitudes equatorp^ard of 4Cf. Again^there ms a notable tendency to 
east coastal wetness. - 

The sixties were, like fh0- forties, a decadeofgeherous rainfall in 
the marginal interior continfint&l-.xegions of middle latitudes, but 
with some record dry years in ext&nsfve east coastal regions. During * 
the sixties and early seventies, the development pf severe drought * 
occurred in the middle and lower subtropics/hbiabfy In southern 
Asia and Africa (Sahelian area). \ 




Willett relates the drought occurrences to a solar-climatic hypothesis of climatic fluctuation; 
based on ah observed relationship between solar and -climatic cycles, but Tecognizing that 
qu^ntkative physical explanations are as yet nonexistent, - - V. ' 

•1, Vyith this statement as background, plus your own knowledge and interpretation *of past 
events, please fill in each block of the matrix below with your estimate tff the probability; 
frequency of drought occurrence, for global mid^latitude continental ^reas, " ' 

: - ' , 

2. Would your estim^es for the United States be significantjy , diiferer^^om oiner 
mid^latitude continental areas? (yes □; no □) If so, please mdicate probabilities separately for CIS 
and other mid-latitudes. \' j.,-r^:^ ^ * 
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CLIMiB^Te QUfSTIONNAIRE 



VI. MID-LATITUDi DROUGHT ' . 



FREQUENCY OF DROUGHT* 



Time 
period 


"Fr©quent"M.e., 
similir to early to 
mid 1930'! and early 
to mfd-1950's 


"Avirage"-i.e,, 
similar to the 
frequency over 
the longest period 
of record available 


'■Infrequent"- 
I.e., similar to 
194b's and 1960's 


Total 

Probability 




US 


Other mid- 
latitudes 


US 


Other mid- 
latitudes 


US 


Other mid= 
latitudes 


US^^ 


Other mid' 
latitudes 


to 

1980 














1,0 


1.0 


1981 

.... to 
1990 






i 


V 






1 .0 




- .1 991 
to 

2000 








0 




/ . i 


1 ,0 / " 


1.0 

— ^ 



'*There are almost -an infinite nurnber of definitions of dr6u^t,Tlonyq|..whic^^^^ satisfactory. Drought 

is defined hare as ift the. December 1973 report to the .A^mfriistratar^ of '1^5^^^^ 

ClimBtB on United St^ws Grain Yiefds:^ Bu/nper ^m^fpSr^^roughts: 'W'^^^^fSfirvOf tern pe rat urep and 
precipitation over a period of severpal months leading to a reduction in yield Of t)ie major c'rops to a level less than 
90% of the yield expected with temperature/precipitation near the long-term a Wfuyu^ values," It should be 
recognized,. however, that yields usually are quoted on a harvested acre basis. In drought years there teqdi to be a 
much larger abandonment of crops as well as some deviation in expected yield, 
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Vl. MID-LATITUDE DROUGHT ' ; 



^ , CLIMAT^QUiSTIONNAIRi 



For the prtcadlng major qusstipn, plsait state t^ie line of reasoning for your response, 
adding any amplifying remiarks as you desire, or referencing articles you or lOther 
icientists hivi written that state your position oji this subject. Pleise use the space 
provided below or a separate shiet _.. . 



■i 

t 



• Using the self-ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question. 

^• J Again using the self-rar^ing guide, please identify those other respondents whom you 
woyid. rate as ''expert (5)'' or ''quite familiar (4)" in their answer to this particular 
\questioh. 



EXPERT. (5) QUITE FAIVULIAR (4) 



CLIMATE QUESTIONNAIRE 



VU. ; OUTLOOK FOR 1977 CROP YEAR* . 

The high plains of the United States (that area apprdKimately 400 miles wide, aentered on 
101^ west longitude from Mexico to Canada) has experienced \ompr than horma> precipitation and 
attendant drought conditions approximately every 20 to 22 years, i.e., the 1930% rtiid-19S0;s. • 

The chart below shews th% 7S-year record of summer average temperature and rainfaIMn the 
five major wheat producing state,s of the United States, The drought period of the 1930's dust bowl 
and the generally favorable conditions after the late 1950's show clearly. ^ 



FIVE ''WHEAT BELT" STATES (Oklahoma, Kansas/Nebraska^ South Dakota, and North Dakota) 



DUST BO^L ERA 



^HIGH YIELD ER^ 



ABOVE 



I I I — pi — I I 1 I I I I I 
SUMMER RAINFALL 



1 — 



T — I — i~r 



i I I } 



NORMAL 



BELOW 



ABOVE 



BELOV 




SUMMER TEMPERATURE 




L 1 I L 



J__i i L 



t i 



_-L_-J-_-i i„ 



J ' I ' 



t. t L 



■ I 



YEAR ^ 1900 



T910^* 



1920 



1930 



1940 



1950 1960 1970 

'Source^ D. Gilman, NOAA 
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Low soil moisture levels in a number of stgrtes in the U^A/heat and corn belts this past fall and 
winter have raised considerable concern over prospects for the 1977 harvest 

1, With the above information as background plus any supportive evidence or hypotheses you 
may have developed as aids in forecasting, please fill in each block of the following matrix with 
your probability estimate of weather conditions to be expedted in ^1977 that would result in the 



yield changes indicated. 



CLIMATE Quest lONNAIRE 

VII. - OUTLOOK FOR 1077 CROP YEAR 



ProbBblllty of Yield Change Due to Wm^ - # 

(RBlptiv§ to Rfic&ni Trend LbvbIb) * . 

, * V Decra&se . * 

V Decrease^ , Decrease or incrGas& Increase 

. more than 10% td" - less than " mor^ f/7a/? Total 

15% 15% ' 7&» \ ' 10%' Probability 

US winter wheat belt* ^ . ^ 1.0 

US SR^ing wheat belt^ / ^1.0 

US corn belt"* JI.O " 



* Implies drought conditions similar to the 193Q'i. ^ ^ 



Six stitei -Missouri, Nebraska, Kansas, Oklahoma, Texas, and Colorado-^tfMunt for about BQ 
percent of winter wheat production and have the moit variable yields. th^1976 total US winter 
wheat yield Was almost 32 bushels per acre, or about 8% below an estlmaVd trend (1950-1976) 
value^ la the 1970-76 period, the maximum deviationi from that 1950-1976Vend line Were +1 1% 
in 1971 and -12% in 1974.* * 

3 Five states -Minnesota, North Dakota, South Dakota, Montana, and Idaho-acGOunt for about 90 
percent of spring wheat production. The 1976 total US ipring vyheat yield was 27 bushels per acre,, 
or about ^% below an estimated trend (19toiar76) value. In the 1970^76 period, the maximum 
deviations from that 1950=1976 trend line were +17% 1971 and -20% in 1974 

■ ■■ ■ ■ ' ^ 

^ Nine states -Ohio, Indiana, Illinois, Minnesota, Iowa, Missouri, Nebraska, South Dakota, and 
Wisconsin-account for about 80 percenf of corn production. The 1976 total US corn yield was 87 
bushels/ per acre, or about 5% below an estimrted trend (1950-1976) vafue.Jn the 1970-76 period, 
the maximum deviations from that 1950-76 ,trend linsjA/ere +15% in 1972'and =20% in 1974 . 

2. Should a severe drought occur in 1977, simMar to th^ early to mid-^30's, what Is the 
probability that it will persist for: ^ * . * 

^ Probability 

less tfian 2 years * 

2 but less than 4 years 

4 years or more ' ^ 
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• CLIMATE QUESTIONNAIRE 

VII, OUTLOOK FOR 1977 CflQP YEAR ; 

3, There appears to be a correlation with high plains drought conditioni and solar activity^ i.e., 
' the doyblf or 22-year sunspot cycle, although as Walter Orr Roberts ^noted in congressional 
|eitimdny in May 1976, -^There is no plausible explanation of how this [sunspot activity] could 
affect the weather of tfie high plains." Roberts also comnnented that "Most of the world's droughts, 
however, show no rtdognizable recurrence pattern. They appear to occur at random in time and 
Iqpatipn, though they often persist rfopylve years or more in a given region/' Would you expect to 
find a correlation between drought conditions and solar activity on a global basis similar to that 
which appears tb have been identified for the US high plains? (yesD; no □) Please amplify youT, 
answer if you desire. 



4/ In view of the dry conditions noted above in parts of the United States and the resultant 
concern over prospects for US crops this year, plus the generally less than optimum level of world 
grain reserves, the prospects for harvests in other major grain producing areas oj!^he world are also 
of concern. 

Based on any evidence available to you on current conditions, or ^hypotheses you may have 
developed as aids in forecasting, please fill in the following tables with your probability estimates of 
weather conditions to be eKpected in 1977 that would result in the total grain yield changes 
'indicated for the given countries, 

USSR: Probability of total grain yield change due to weather (relative to recent trend 



levels) 



J 

5 



Probability 



(a) Decrease more than 20%^ 

(b) Decrease 10% to 20% 
Decrease or increase less than 10% ^ \ - 



c 



(d) Increase more than 10% 



1,0 



- Implies severe drought conditions similar to those in 1963, 1965, and 1975, For total Soj^iet grain 
yields in the 1970=76 period, the maximum deviations from a 1950-1976 trend line were +22% in 
1973and=28%ir\1975. , , 
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CLIMATE QUESTIONNAIRE 

•. ■ ■■ ' . ' ■ ' '.■ 

VII. = OUTLOOK FOR 1977 CROP YEAR • 

Jf^DIA: PKobtbility of iotal grain yield change due to weather (relative to recent trend 
livels) r ' . ' / 



(a) Decrease more than 10%- 

(b) Decrease 5% to 1 0% 

(c) . Decrease or increase less,than'l% 

(d) Increase more than 5% 




_ ; . ■ . ; ' - ,1.0 ; . 

* Implies drought conditions slmilarto or even more feyere than in 1957, 1965, and 1966, For total 
Indian grain yields in the 19^0-76 period, the maxincium deviations from a 1950 -1976 trendMine 
were +8% in 1972 and about -7% in 1974 and 1976; - 



C. CANADA: Probability of total grain yield change due to weather (relative to recent 
trend levels) , ' 

" ^ Probability * 

(a) Decrease more than 25%- 

(b) Decrease 10% to 25% 

(c) Decrease or increase less than 10% 

(d) Increase more than 1 0% - 




^10 ; 

^ Implies drought conditions similar to or even more severe than in 19§1. For total Canadian grain 
yields in the 1970-76 period, the maximum deviations from a 1950 1976 trend line were +14% in 
1970 and -16% in 1974. 

^ ' ^ ' ^ . [ 

D, AUSTRALIA: Probability of total grain yield change due to weather (relative to recent . , 
trend levels) 

* Probability 

(a) Decrease more than 25%' 

■(b) Decrease 10% to 25% \ 

(c) Decrease or ingrease less than 10% - . 

(d) Increase more than 10% ^ - 



. 1^0 • 

Mmplies drought conditions similar to or even more severe than 1957 and 1972, For total 
Australian grain yields in the 1970-76 peribd, the maximum deviations from a 1950^-1976 trend 
line were +10% in 1974 and =27% in 1972. ~~ ^ _ . - \ - 
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CLIIVIA.TE QUESTIONNAIRE 



OUTLOOK FOR 1977 CROP YEAR 



ARGEWTINA^ Probability of total grain yield thang^ due- to weather (relative to receftt 
trend levels) ' r v ; 



Probabi/ity 



(b) 
(c) 



Decrease more than 15%* 
Decrease rd% to 15% 
Decrease or increase less than 10% 
Increase more than 1 0% ^ 



1.0 



,Mmp1ies brought ^conditions si^milar to of even moEfi severe than in 1968= For total Argentine^rain 
yields in the^'1970-76 period, the maximum deviatioris from a 1950-1976 trend linewerfe +14% 
ir) '3974 and -1*4% m 1972. ' , 
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CLIMATE QUESTIONNAIRE r- ■ - - 

• ^ ;. - * S . - : ■ 

VIIj OUTLOOK FDR 1977 CROP YEAR ^ . 

' / • . For the preceding major question, ^asff state the line o{ reasoning for your response, 
/ • adding any amplifying remarl<s as 'you desire, or .referencing articles you or other 
scientists Have written that state your position on this subject. Please use -the space 
provided below or a separate sheet, m ° ^ ' 
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Using the self-ranking definitions provided in the irtltructions, please indicate your level 
of substantive'expeftise on ihis rnajor question, . - - 

B-4-3"2^1 ^ 

Again using the self^/anking guide, please identify those other respondents i^honn you 
would rate as ''expert (5)'' or "quite familiar (4)'' m their answer to this particular 
question. / 

. ^EXPERT (5) f QUITE FAMILIAR (4) 

^ \ ' ' 



CLIMATE QUESTIONNAIRE 



VIII. ASIAN MONSOONS 



PERCEI^TAGE OF WEATHER STATIONS HAVING LESS THAN •HALF NORMAL RAINFALL 




Sourqe; Raid Bryson 



_ ^ ^ . ___ . . _ 

' Shown above ^ is a chart by Reid Bcy/lon^ showing the trends In the percentage of .weather 
stations in northwest India reporting less[than half the normal annual rainfall j'n a given year 
(overlapping lO'year averages), ^ " . ' , / 

1; With this information as background,, plus your own knowledge and interpretation of past 
■patterns in India, please fill in each block of^ the following matrix with your estimate of the 
probability of frequency of monsoon failures in northwest India, 

2, In your judgment, would dharts for (a) oth# parts of India and^(b) other summer moTOon 
regions in Asiq show a similar pattern to that of northwest India (not rfecessarily using ''less than 
^half of normal annual rainfair* as a cutoff pointi? (yes nop) If ypu judge that otherregions of 
India or monsoon Asia would have a different pattern, please indigate the appropriate PM|t)i(my 



in the followijig matr^fx. 
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CLIMATE QUESTIONNAIRE f ' 

■• ft 
VIII. AS^fN MONSOohs m '* 



FREQUENCY OF MONSOON FAILURE 



Time 
Period 


"Frequent" i.e., simifar 
to 1900^1925 period 


"Average*' -i.e., similar 
to the frequency over 
the longest period of 
recprd available 


"Infrequent" ^i.e,, similar 
to 1930-1960 period , 


- ^1 
Tptal 

Prob^bi 1 i ty — 


NW 
india 


Other 
India 


Other 

Monsoon 

Asia 


fMW \ 
India 


Other 
India 


Other 

Monsoon 

Asia 


NW 
India 


Other 
India 


Other > 

Monsoon 

Asia 


r — 
NW 
India 


Other 
India 


Other 

Monsoon 

Asia 


1977 

. to 
^ 1980 




















TO 


TO 


/ 

TO . 


1981 
1990 






















1.0 


TO 


1991 ^ 

" ...to , 
2000 


















* 


1.0 


TO 


TO 



CLIMATE QUESTIONNAIRE 



Vlli. ASIAN MONSOONS ' 

' • ._For the preceding major quistion, please siate the line of reasoning for yoOr response, 
adding any amplifying remark& as you desire, or referencing articles you or other 
scientists have written that state your position on this subject. Please use the space 
provided below or a separate sheet. ^ 




\ 
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Using the sejj-ranking definitions provided ir^ the instructions, please indicate your levfel 
of substantive expertise on this major question. " 

Again using the self-ranking guide, please identify those other r-espondents whom you 
would rate as ''expert (5)'' or "quite fa^iiliar (4)" In their answer to this particular 
question. - ^ ^ . 

EXPERT (5) -"^"^ i ' QUITE FAMILIAR (4) ^ 
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CLIMATE QUESTIONNAIRE 



IX. 



SAHEL DROUGHT 



05 




The above chart shows percentage deviations of the B-year running nneans of annual rainfall 
fronn the 1931-60 mean for five stations in the Sahel— Gao and Tessalit in Mali; Atar and 
Nouakchott iri Mauritania; and Agadez in Niger. (From Bunttng, et. al, in Nature, February 20, 
197^f^^sed on Winstanley's data in Nature September 28, 1973.) 

The above chart is consistent vyith National Academy of Science data shown below for five 
other stations in the Sahel. (From Michael Glantz in his Value of a Reliable Lorig-Range Climate 
Forecast for the Sahel, May )976.) 

Previous Extremes of Rainfall* / ^ 

\ 

Runs of years of particularly high rainfall in .ZONE 2 (Sahel) ^ 

Individual . . 



Years 



1929.1931 


109 


"106 


■ 121 


1952-1955 


117 


116 


114 


1957-1962 


112 


106 


105 



Rainfall as % of 1931-1 960 Mean 



108 
107 



102 



106 



ftuns of years of particularly low rainfal^ in ZONE, 2 (Sahel)' 



Rainfall as %of 1931 -1 960 Mean 



Individual ^ 
Years . 
1912-1915 
1940' 1944 
1947'n«W9 
1968.1973 

* National Academy of Sciances, Arid Lands of Sub-Saharan Africa; Appendices (Washington, DC, 
1975), p. 155, Zone 2 rainfall stations ware as follows: (Miamey and ZInder (Niger), Soteoto, Kano,, 
and Maidurgufi (Nigeria), ■ ' ■ V_ 
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55 . 


78 


94 






80 ' 


82 


76 


101 


73 




83 . . 


93 


. 64 








72 


98 


97 


74 


69 


65 
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CLIMATE QUESTIONNAIRE 



IX, SAHEL DROUGHT 

, With this information as background, plus your knowledge and interpretation of the Sahelian 
drought patterns, please fill in each block of the matrix below with your estimate ofthe probability 
of frequency of droughts in the Sahel, 



FREQUENCY OF DROUGHT 



Time 
period 


'■Frequent'' ^i^e.v 
Similar to 1940- 
1950 and Ipsls^ 
1973 periods 


"Average" -i.e., 
similar to the 
frequency over 
the longest 
period of record 
available 


"Infrequent" -i,e,, 
similar to 
1950=1965 period 


'Total 
Probability 


1977 
to 

1980 




i 








1981 

to ' 
1990 








< 1 .0 


1991 

to 

2000 


\ 






1,0 



CLIMATE QUESTIDNNAIRE 



.IX. SAHEL DROUGHT 



For the preceding major question, please state the line of reasoning* for your response, 
adding any amplifying remarks as you desire, or referencing articles you or *oth#r 
scientists h^ve written that state your position on this subject. Please use the space 
provided below or a separate sheet. 



Using the self ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question, 

Again using the self-ranking guide, please identify those other respondents whom you,- 
would rate as ''expert (5)" or ''quitfr^ familiar (4)" in their answer to this particular 
question, 

EXPERT (5) ' * QUITE FAMlLlAR (4) 
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CLIMATE QUESTIONNAIRE 



X; LENGTH OF GROWING SEASON 

Professor Hubert Lamb has stated: "The average growing season in England for the coldest 
decade, of the*last SOO^ears seenns ,to h|ve been almost a month shorter than in 1930-60 . , . . The 
differenois of prevailing teipperature in the English lowland districts have meant changes of 10 to 
20 daysCin the average length of the grovs^ng season in differ*ent decades since 1870. The.shortening 
by 9 to 10 days, since the warmest decades (1930's=4Q's) continues into the 1970's ovving to the 
cold springs and, in the last year.o^xtwo^ colder autumns also/' (Appendix A of report Q?fr 
Rockefeller Foundation-sponsoc^ confeTence in Bellagio, Italy, June 1975,) \ 

• - 

Walter Orr" Roberts has stated that "In the USSR growing seasons are nowperhaps^Q^iys to 
2 weeks shorter than in 1940-50." (House hearings on National Climate Program, May 20, 1976.) 

f ^ 

In Wisccinsin, however, the abstract of a paper to be presented at an AMS meeting in April 
1977 reports that: \ ■ ^ / 



^ ' Analysis o f growing season records from stations representative 
of each of Wisconsin's nine climatic divisions indicates that the 
growing season, became cooler and shorter from W58 to^ the 
mid-1 960's. Subsequently, the same records ^hibit a^ general trend 
> toward warmer and longer growing seasons tnro ugh 1973 in spiiWof 
a continued fall in mean annual hemispheric ie^perature and 

\^deteriorating<growing weather elsewhere. 



'Reduction in the length of ^the growing season, "^particullrly in the higher middle latitudes, 
might/equire certain crops to be grown farther south^than some areas where they are now grown 
and might require substitution of firlier niaturing varieties in some aregs which could rf^uce crop 
yields, . ■ 

^l 1> M your judgment, what is tHfe^probability of the following changes in the mean rength of 
the growing season in the higher middle latitudes during the next 25 years as compared with the 
presenti: ' / '^-^ * ^ 

^ / .* ^ Probability 

^ ..-^ a. Significant increase (say by 10 days or m'ore) : . _ " ^ 

b. Change of less than ±10 daVj.. ' ' * - 

c. Significant decrease (say by 1 0 days or more) ^ y ' ^- - 



CLIMATE QUESTIONNAIRE 



X. LENGTH/OF GROWING SEASON 

i ' ^ 

2. An analysis of the length of the frost-free season (32^ F/) in Iowa done a numbeV of years 
ago indicated a standard^ deviation' of about 16 to 17 yays. In your Judgment, what is the 
probabili'ty of a significant change in the inter^annual variability in the lengtK of the growing seasons 
in the higher middle latitudes during the next 25 years as compared with the prase^t: 

■ ■ " I ' ■ 

^^^^^ , Probability 

a. Significant increase (say a 25% increase in th& \' ^ \ 

^ standard deviation) 

' * b. Change of less then ±25% in the standard deviation" ^ 

. c. Significant decrease (say a 25% decrease in the C 
st^dard deviation) , 



CLIMATE QUESTiONNAIR^ 



GTH OF GROWING SEASON 



For tie preceding major question/ please state the line of reasoning for your response, 
adding any amplifying remarks as you desire, or referencing articles you or other 
scientists have written that state your position on this subject. Please use the space 
provided below or a separate sheet. * ^ ^ 



Using the self-rahking definitions provided in the instructions, please indicate^our level 
of substantive eKpertise|on this major question, ^' 



Again using ^K^^l^^nking guide, please identify those other respondents whom you 
■ ^^would rate as ''expert (5)" or .''quite familiar (4)" in their answer to this particular 



question. 



EXPERT (5) QUITE FAMILIAR (4) 



I* 



95 

ll-j 



CLIMATE QUESTiONNAIR^ 



GTH OF GROWING SEASON 



For tie preceding major question/ please state the line of reasoning for your response, 
adding any amplifying remarks as you desire, or referencing articles you or other 
scientists have written that state your position on this subject. Please use the space 
provided below or a separate sheet. * ^ ^ 



Using the self-rahking definitions provided in the instructions, please indicate^our level 
of substantive eKpertise|on this major question, ^' 



Again using ^K^^l^^nking guide, please identify those other respondents whom you 
■ ^^would rate as ''expert (5)" or .''quite familiar (4)" in their answer to this particular 



question. 



EXPERT (5) QUITE FAMILIAR (4) 



I* 
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APPENDIX B . • ■ 

OUTLOOK FOR 1977 CROP YEAR & 
THEPERSISTENGE OF DROUGHT 



During the mp^th ^of April 1977, the climatology /^panelists, provided 
estlmites for t^ expected crop yteld c^ang&^due to weather in 1977^orthe 
following U.S. 'crops: winter wheat, sprti^ wheat, ara corr>^ The A#imary of 
their responses to Question VII follows: W 

^ % _^ 
Table B-1 . \ - 

PROBABILITY OT YIEfD CHANGE DUE TO WEATHER^ 

(Relative tO/* recent trt|nd levels)* 



Q 

b ^ 


aj 

^ LH 
U 

Q S 


& s 

u ^ 
S ^ ^ 

a £ 5 


a 

fa 

c £ 


0.1 f 


0.4 


' 0.4 


0.1 


0.2 ^ 


0.2 


' 03 


0.1 


0.1 ^ 


0.2 


03 


, 0.2 



U.S. winter wheat belt 
US. spring wheat belt 
U.S. corn belt 



The 12 October 1977 U.S, Department of Agriculture yield estimates for 
these crops were as. follows (figures in parentheses are the percentage 
deviations from an estimated 1050-76 trend value eHtrapoiated to 1977). 



C 



Table B-2 



L 



USDA YIELD ESTIMATES / . \ 


/ U,S. winter wheat 


"31 .5 bu/acre 




U.S, string wheat " " 


27.6 bu/acre 




U.S, corn — 


--90^.8 bu/acre 


^ — 



The panelists' relative pessimism in the estimates for wheat, particuXrIy the 
winter wheit crop, probably reflected the concern over the dpy con^rtj^ns 
that^isted in many areas in late March and early April. Above normaT 
pricipitation during the last half of April in much of the Great Plains region 
improved the growing conditions markedly. 



*See questionnaire for details on recent trend levels. 
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In iddjtiqn, the panelists ^provided estimates drought pirsisttnee. 
Specifically, thfey*wi:te*asfe(ia; "J^ i sevire dfou|ftt similir jto the early or 
mid^l^Q^iihould occur in 1977, how long would it list?" "fhi summiry of 

responses folfbv\^: " ' ' ' f . J 

.... - * • • ■ 

' _ . ■ ■ ' ■ > ^ " ^ - ^ 

Table B-3 ; ' ; : . ; ' \l 

LENGTH OF DROUGHT IN THE UNITiD STAT^^%. 



Probability 



Persist less tbaq^2 years 

Persist for 2 but less than 4 years 

persist for 4 oi^ more years 

' V : — ' ^ — - " 




An alternate rpithod for presinting the iummar^espj^iis for drought 
persistancs is by a probability tree. This type of •presentation Is useful for 
^^^^^etirmining the probability ofrdfgught In the niKt year, glyen. that the' 
V^*L^dr^bught has,^rtady laited a numBer of ■years. In the diagrarn on page 99^ a 
drougbt is . ^^^n to occur in 1977. Accordjngi^ the paneilst^ the 
probability that the drought ends in lbi78 Is 0.6, Thie '^obabjlity that the 
'drought continues, then, \s V minus the probability of no drought, or 0.4. ' 
The ''drought ends" branch of the tree ttrmlnates at the point A. > 

^ We now continue with the branqh in which grbught persists through 1978, 
The panelists estim&te^ a probdbjlify of b;3 tha^ droyght would last for 2 
or 3 yta^j^. fn ordbjr to ex.t|nd the tree, we make a reasonable interpolation: 
the probability of a drought Taijlng only 2 years is assumed to bp 0,2 and the 
probablljty of^a 3=year drpi^t Is taken to be In drder/td makf the 
product of probabilities ^qual'^Oj along the pa^ leading to an end of the 
drought in 1979 (point B),-"we'must aicribi a conditional probability .of 0^5 
to^^e case in which the drought -persists through 1978 but ends in 1979. 
This,\of course, iraplies a conditional prob|blllty of O.B that a drought 
persisting through 1978'also persists th^ygf^ 1979, 

By using the same conditional probabfUties— O.B for terminOTion and 0,5 for 
persisterice of a drought. that has lasted for at least a year^we continue the 
.tree Into 1980* The^prpduct of the probabllitiei along the bran^es leading 
to the termination of drought In 1980 (point C) is 0.1, in agreement with the 
interpolation assumption about the probability of a drought lasting exaetly 3 
years.; '^• ^ ,v\^ ^ ^ / V 

Extending tfje tree one step\further'intd 1981 with the same Conditional 
, probabilities, vye get a probabifMy of 0.05 for a 4-ytear drought (point D) and 
a probability bf OTOB for 5 or nio re years of drought: These probabilities are / 
consisterrt with the panelists' probability of O.Vfpr a drought which persists 
for 4 or more years. At each ^ought'endlingt branch, the product of the 
pr.obabiiities from the begih^ff^ of the path to, the end is equal to the 
panelists' estimate for a drought of that duration starting In 1977. 



Figure B-l , , 
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DROUGHTPERSISTENCE IN THE UNITED STATES 

, ■ ; : ^ ■ ' — ■ — — ^-^-^ r- — —— — ^ — ' - ^H..'^ 



•'ft A 



if/^ "-^ DflOUGHT 



1978 



'^^ts^^ DROUGHT «V 



*^f^^^ DROUGHT 



1W ^ ^ 



■ — — '~ — ■-■v-vrj. - . ^ . 

pnt miy nott that onat a drought has started, theft jl^^ rel^Vi^ 
probability that it will contlnui into the next year, HowfeviKi^^ t^^^ 
above should not be extrapolated beyond the panellits' data! Evenf as drawn,^ 
"with the interpolatjid probabriitiii for 2- and 3-year droughti and with the 
inferred condltlrfnal probabilltiei used for later years, the probability tree is 
subject to uncertainty and ambigultyv For initance, the panelists may have 
assumed different definitioni of drought tiermination, i,g,, the return to 
normal precipitation @r the returrL-to normal water supplies. Moreover, it it^ 

te that 4he reference year 1977, taken in the context of double, or 
22-year iunspot cycles, affectedk the panelists' perceptions of drought 
^pfJ"li|tence^ A^^ was a year of ^ serious localized drought 

Gonditfons in the United States^ it fell short bT tfiFwldesp^e 
experienced in the-early to mid'1930^s; 
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APPENBIX-e^ ■ . ' ■ 

islUMBER OF RESPONSES & 
AVERAGE EXPERTISE RATINGS 



i ..^ppfoximatily 50 Intirnational authorities on climatic change were conild% 
' a; \ V, ertd^^^^^^ realpitnti of the climat^questionnalre, but because of time 

and jf ^Ur^e constrainti tht numbir had to be reduced. Questfonnafres were 
sent to 28 sciintisti, including JO from 8 tor^ign couniriss. Riplles were 
. received frSm 24; thilr names and iffillatibns are listed ;in^ttte acknowledge 
ments. The ^24 rispondtnts participated In varying degries* Three, for 
- txamplt, rtstrlcted their repllei to qualitatiya corfipienti. The other. 21 

submitted the riquistid quantitative data for at lea^Jl question; of these 3 
' -^ \ ansvvered onj^^a few questions. Fifteen pjrovrdedJqua^i^^^^ respwiSis to at 
least 7 of th^'^O; questions,' r* 

4. . The table belqw shows fdr each of the 10 qutitlons tht number of 
climatologists who submitted quantitative data and the averagi of their 
= , expertise on the scale of 1 to 5 described in the questionnaire (Appendix A)r^ 

* Tht number responding quantitatively to a ^ven question ranged from 12 
, / (for QJbstlon VIII, Asian monsoons) to T9 (for Question 1, global 
\ . : temperature, and Question 1 1 1, atmoipherlc constituents). 



Table C-1 

— — -"^ — = 

.NUMBER OF RESPONSES AND EXPERTISE RATINGS 



Question 


Subjest . J 


Number of 
Respondents 


Average 
Expertise 




* - Global temperature 


19 


. 4.2 \ 




Latitudinal temperature 


17 . V 


4:2 


Ill 


AtmoipKeric constituents 


19 


4,1 . ^ 


w 


■■i ... Prpcjpitatron 


^ 14 


I 3-9 ... 




Precrpjtation variability "^^^ 


14" 


-4.0 ; 


' VI 


Mld^latitude droughty 


17 * 


^;4,D- 


VII 


Crop outlook for 1977 ^ 


14 




VIII 


Asian monsoons 


■ fa" ^ 


' ^" 3.4 


IX 


Sahel drought 


'17 ' 


3.8 . - 


- — * 


Length of growing season 


"15 . ' 


' 3;9 
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^^^^^-r^^'i-nrTr^^ -: -—T^ 



No ohf irisvv^red all the pjr^ of avery quattioh. The 10 qu^ions crossed a 
brbrt ipi^ijm of global; Hemispheric, zonaU and regioTOf problems ^ 
per^inlng Jiot only to climatie chinga but alio to growl nf'saisons ind tbef 
outlook^r 1977 crops, iH9:nn>«indivi^uai could havt betn expactgd tqubtij^i 
compact In, til cittgorits, . y ^ r ^ > . 

were In tha ringe of 
1 firit*t\ci^o'quastlQns 
apout tamperaiurts ma tne nigneit axpeniie ratmgs, uuettlon VllPbri Asttn^rv 
mo nsoons had the towest rating, 3A _ . - ' 
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APPENDIX D 

REFERENCES 



In the climate queitionnaire rAppandlx A), the panel iitt^were^i^eri tht opportunity tOilnelu^ 
referencei whieh explain or elaborate Aeirjesponse to each question. Thtie references, afranged 
ilphsbetrcaHy by questions, ire Included heTe as addltionil background material wHIch may be of 
value to the reader. No ip^crflc refarencss were gl^en for Qu^tions VIII and X, on Asian Monsooni 
and Length of Grovying Season, respectivelV. References of a general nature are Included at the end 
of the list ' . ^ 
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